UNCLASSIFIED

AD NUMBER

AD354604

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM
Distribution authorized to DoD only;
Administrative/Operational Use; DEC 1962.
Other requests shall be referred to Rome
Air Development Center, Attn: EMIIT,
Griffiss AFB, NY 13441-5700.

AUTHORITY

AFRL/IFOIP ltr, 4 Jan 2007

THIS PAGE IS UNCLASSIFIED




UNCLASSIFIED

AD NUMBER

AD354604

CLASSIFICATION CHANGES

TO
unclassified
FROM
confidential
AUTHORITY

AFRL/IF Rome, NY ltr, 28 Aug 2006

THIS PAGE IS UNCLASSIFIED




UNCLASSIFIED

AD NUMBER

AD354604

CLASSIFICATION CHANGES

TO

confidential

FROM

secret

AUTHORITY

31 Dec 1974 per DoDD 5200.10 document
marking

THIS PAGE IS UNCLASSIFIED




SENRNT
Lt
i L 2
LD !) ,’
RO Lu&B
DR IR AL s 5 N
: RS A

3 1

IR BT T
B e R LN N
s -

. v
R G = A%
RPN

Reproduced
by the

ARMED SERVICES TECHNICAL INFORMATION ASENCY

ARLINGTON HALL STATION
ARLINGTON 12, VIRGINIA

s SN

DOWNGRADED AT 12 YEAR §
TNTERVALS: NOT AUTCMATICALLY |
DECIASSIFIEL, olD D77 5200 70

f ONFIDE m’ T A ¢
. RV | W G-t

o w -é.»




d *'!
g—""’k‘-&imwm .

S~

_‘.4.-.--

. an e b
ST Rt S e

354604L

i s e

. P
L

DEFENSE DOCUMENTATION CENTER

FOR

SCIENTIFIC AND TECHNICAL INFORMATION
CAMERON STATION. ALEXANDRIA. VIRGINIA

. ,Waﬂf-""“
T S st B




NOTICE: When government or other drawings, speci-
fications or other data are used for any purpose
other than in connection with a definitely related
government procurement operation, the U. S.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any way
supplied the saild drawings, specifications, or other
date 18 not to be regarded by implication or other-
wise as in any manner licensing the holder or any
other person or corporation, or conveylng any rights
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.

THIS DOCUMENT CONTAINS INFORMATION
AFFECTING THE NATIONAL DEFENSE OF
THE UNITED STATES WITHIN THE MEAN-
1NG OF THE ESPIONAGE LAWS, TITLE 18,
U.5.C., SECTIONS 793 and 7ok, 'THE
TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN
UNAUTHOFPIZED PERSON IS PROHIBITED

BY LAW,



—CONHDENTHAL— AD354604
DECLASSIFIED UNCLASSEFEEE

FACT CORRELATION FOR INTELLIGENCE ANALYSIS. VOLUME
APPLIED RESEARCH PLAN (U)

FEDERAL ELECTRIC CORP PARAMUS NJ

15 DEC 1962

Distribution authorized to DoD only; Administrative/Operational
Use; DEC 1962. Other requests shalil be referred to Rome Air
Development Center, Attn: EMIIT, Griffiss AFB, NY 13441-5700.

NOFORN
Declassified by:
AFRL\IF
Donald W. Hanson
Director, Information Directorate,
Declassified on: August 25, 2006
Notice

There has been a class:ification
change to this document. It is the

responsi.piiity of the recipient zo
promptly remark it to indicate
change.

secassren | JNCLASSIFIEL

ANAAAIrIINPF"AI"TI Al



SECURITY NOTICE

Special Handling Required. Not Releasable to Foreign Nationals.

CLASSIFICATION NOTICE

This document is classified SECRET because it discusses indetail the limi-
tations inherent in techniques for manipulating data available to present
intelligence system environments and imglies a course of technique devel -
opment for future application to intelligence data handling environments.

AVAILABILITY NOTICE

Militarsy apencles may request coples Crom NDG, all other
quallilted requests st be submitted through RADC (KMITT)

Grifliss AFD, NY,

PATENT NOTICE

When Government drawings, specifications, or other data are used for
any purpose other than in connection with a definitely related Govern-
ment procurement operation, the United States Government thereby incurs
no responsibility nor any obligation whatsoever; and the fact that the
Government may have formulated, furnished, or in any way supplied the
said drawings, specifications, or other dat~ is not to be regarded by
implication or otherwise as in any manner licensing the holder orany
other person or corporation, as conveying eny 1 htc or sermission to
manufactu.e, use, or sell any patented inven.ion that muyir any way be

related thereto,

3



SECRET

RADC-TDR-62-461, VYol. I 15 December 1962

Final Report
(U) FACT CORRELATION FOR INTELLIGENCE ANALYSIS

Volume 1: Applied Research Plan

Route 17 and Garden State Parkway, Paramus, New Jersey

IT International Electric Corporation

A SUBSIDIARY OF INTERNATIONAL TELEPHONE AND TELEGRAPH CORPORATION
Technical Report P-AA-TR-{0007)
Security No: {EQ 62-P-68

Copy No. 36 of 60 Copies

Contract No. AF 30(602)-2739
Project No. 4594, Task No, 459403

P R PRI AT ‘_1‘x1

A Nove 14 J
U sl U e

Prepared for TISiA D
ROME AIR DEVELOPMENT CENTER

Air Force Systems Command
United States Air Force
Griffiss Air Force Base New York

DOWNGRADED AT 12 YEAR INTERVALS; NOT AUTOMATICALLY DECLASSIFIED, DOD DIR 5200.10.
n O
This document contains information affecting the material defense of the United States, within the meoning of the Espio?xa\-gle Laws, Title
18, U.5.C., Section 793 and 794, the transiission or reveladion of which in any manner to unauthorized persons is prohibited by law.

CEOREE
EREURTINE (I LU N i



FOREWORD

This volume is the first of two voiumes in a report analyzing
the requirements for an applied research program for an auto-
mated system capable of correlating facts for intelligence
analysis., This volume discusses the over-all research plan. (S)

This report was prepared by the International Electric Cor-
poration (IEC)--a subsidiary of the International Telephone
and Telegraph Gorporation (IIT)--~Paramus, New Jersey. The
study leading to this report was performed under Contract No,
AF 30(602)~2739 for the Intelligence and Electronic Warfare
Directorate of the Rome Alr Development Command, Griffiss Air
Force Base, New York. (U)

This study was conducted within the Advanced Analysis Depart-
ment. under the direction of Jacques llarlow. The staff that
performed the analytical and theoretical studies included
Quentin A, Darmstadt, Dr, George Greenberg, Maralyn Lindenlaub,
David M. Massie, Dr. lloward E. Smokler, Alexander 3zejman, and
Alfred Trachtenberg. (U)

The staff acknowledsrs the contribution of the authors cited
as references and of the equipment manufacturers who supplied
information pertaining to thcir present equipment design spec-
ifications and their future v»lans for equipment development.
The report also contains ori:inal concepts developed by mem-
. bers of the staff while performing research activities soon-

sored by IEC, (U)
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ABSTRACT

This report presents an analysis of the requirements for a
Fact Correlation System--a specialized information storage
and retrieval system oriented to the problem of correlating
facts for intelligence analysis. Two aspects of ths problem
were analyzed: <the equipment requirements necessary to
implement a highly automated system, and the processing
requirements necessary to. transmute isolated items of infor-
mation into an integral whole., The report includes a broad
review and survey of existing processing techriques, prima-
rily in the fields of linguistic analysis and adaptive learn~
ing, and a survey of both existing and experimental data
processing equipment. This survey and analysis form the basis
for a resear~h plan for developing the techniques and equip-

ment rzaui-ed to correlate facts automatically. (8)

This solume of the report-discusses the basic concept of
information retrieval; reviews the system requirements for
a Fact Correlation System, including the specific functions
of personnel, equipment, and programs together with their
interrelationships; and develops a generalized schedule and
plan for research, development, and implementation leading
to the installation of the system. The conclusion derived
from this study is that at least ten years will be needed to
develop a fully automated“system, although Less sophisticated
functions may be available within three years. The research
plan recommends a method of approach for developing the sys-
tem in a series of stages. (8)
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I. INTRODUCTION

The purpose of this report is to present the results of an analysis
of the requirements for a Fact Corrslation System-~a specialized informa-
tion storage and retrieval system oriented to the specific problem of
correlating facts for intelligence analysis. Secondarily, the report
describes a general research plan for developing the techniques and equip-

ment for implementing such a system. (S)

Al though specifically oriented to intelligence analysis, this study
considered the problem of fact correlation within a generalized framework.
The basic assumption underlying this study was that information is more
important than documents, It follows that it is the information sbout an
event or an item of knowledge rrom a set of documents that must be stored
and retrieved. This concept is equally applicable to a variety of prob-
lems in information flow and decision making as well as to the specific

problem of intelligence analysis. (U)

The elements of functional requirements were analyzed and are pre-
sented within the context of a system concept. Thls system was defined as:

Mn information system is imbedded within an enviromnment of data or
intelligence information. The system consists of three operational
functions=-~personnel, equipment, and techniques (including computer
programming) together with the interactions among each function--
required to interpret, rationalize, and understand communications
from its environment.

The purpose of an information system is to extend the performance
and effectiveness of individuals, including intelligence analysts,
interacting within the frame of reference of the system,

The nature of this problem is such that a definitive solution cannct be

SECRET
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produced within a limited period of tiv . The primary purpose of this
study, therefore, was to stipulate the research activity that would con-

tribute to the solution of the problem. (S)

This report emphasizes tw areas, techniques and equipment. The
Pirst step was to formulate a theoretical framework in order to establish
a systematic procedure for reviewing avallable techniques, The theory
pertains to the analysis of information presented in the form of language.
Thus the fundamental techniques that were reviewed are linguistic trans-
formation and adaptive learning. This theoretical framework necessarily
blases and limits the review. Auy critique of existing techniques or
concepts should only be considered within the context of this frame of
reference; tuls report is not intended to detract from viable research

conducted for a different purpose, (U)

The analysis of techniques and equipment in their present form leads
naturally to the formulation of requirements for additional research and
development to attain the objectives of fact correlation. This report sum-
marizes these requirements in a long-term applied research plan for extend-
ing the potential of information retrieval beyond the limited scope of
simple document retrieval, The classical concentration upon special index-
ing terms, or such novel concepts as descriptors, has been druvpped in favor

of research into the interactions of groups of words or sentences. (U)

B. Scoge

The analysis of the requirements for a Fact Correlation System are

clearly limited., This study covered research that has been perforred and

SECRET

n



that should be performed within the context of the conceptual framework
of the system. This report does not purport to present substantive answers

or a formal solution to the problem of correlating facts. (U)

The results of this study consist of two elements:

(2) A Research Program Plan - a plan for specific research
ultimately leading to a Fact Correlation System. The
plan includes a procedure for conducting research, a
perspective of the interreiationship among tasks, an
overview of program scheduling and phasing, expected
results, and man-power requirements and qualifications.

(b) An Analysis of Technical Problems - the analysis of tech-
niques, equipments, and technical problems includes a
discussion of alternate approaches, the recommended
approach together with a rationale for this recommen-
dation, and a listing and discussion of basic tasks.

These elements of the study are reported in terms of what has been done,
what should be done, and why it should be done. The review of past
activity is critical; but the critique is bounded by the framework
established for the analytic study. The concept presented for a future
system is feasible; yet the conceptual system may be revised, and should
be, as research differentiates between the ideal and practical 1limits of

theory. (U)

C, Background
For nearly a decade the dual problems of linguistic analysis and

information retrieval have been the subject of intensive applied research.
The former was primarily oriented to the problem of machine translation;

the latter, to the retrieval of documents from a filirng system or library.
The ultimate objective was to cope with the influx of scientific informa-

tion on a timely basis., Secondarily, the introduction of automated



techniques raised the hope of conserving human energy and time in performing
essentially clerical functions. Finally, the possibility of machine trans~
lation promised the additional benefit of rapidly exchanging scilentific
informaticn among scientists throughout the world, The military and intel-

ligence potential of these concepts was hardly sublimated. (U)

The analysis of information retrieval problems tended to be limited
to the library problem. Consequently, even the most sophisticated system
is limited to the elucidation of information about a document in response
to directed inquiries., Except for systems like the Minicard System, no
complete doeuments are retrieved; nor is information, in the proper sense
of the term, retrieved. The file system of irdex cards has been automated;
Its new gulze is sometimes mere elficient, but not necessarily. In effect,

the term information retrieval is a misnomer. (U)

This study attempts to outline the requirements for processing textual
information--the contents of documents--to the maximum degree possible with
automated techniques, The analysis was directed to the definition of new
problem areas in advancing beyond current concepts and technology in infor-
mation storage and retrieval, In «ffect, the preliminary aspects of the
analysic were exploratory. In this respect this study is the antithesis
of reports by Drs., M. Taube and Y., Ber-Hillel. Both men have contributed
valuable ideas to the existing field of information retrieval; there is
no need to denigrate their contribution. Yet their studies are laced with
a sharp skepticism and unwarranted pessimism. There is no question that

a theory remains untenable until it is formulated on a scientific basis.



But the squashing of ideas at thelr inception has limited and restricted

the introduction of new concepts %o the field of information retrieval. (U)

The principal new approach in this report is to combine the fields
of linguistic analysis and adaptive learning with the fisld of information
retrieval. The combination is not necessarily unique; the application
may be, especially in conjunction with adaptive learning or a self-
srganizing system. The fundamental tenet of this analysis is that any
question of information can only be resolved on a linguistic basis, The
past distinetion between research in these two problem areas has been
unnatural, since they are interdependent. Nor is it sufficient to presume
that linguistic problems exist only in the field of mechanical translation;
only recently has it been demonstrated-~by Dr, V. ¥Yngve, for example--
that a lim!ted knowledge of linguistic phenomena presently confounds suc-

cessful machine translation. (U)

Information retrieval has not been totally divorced from linguistic
analysis. But the principal effort in lingulstics applied to information
retrieval has been concentrated upon mamial or antomatic forms of index-
ing and abstracting. This emphasis has been forced by the concept of
retrieving information about a document rather than the infcormation itself.
The correlation of facts, in contrast, will attempt to isolate the informa-
tion within a document, store the information, combine explicit and implicit
relationshipsg, eliminate redundancy, and, finally, to retrieve specific
information upon demand. To perform these operations implies linguistic

as well as inferential processes. TPurthermore; the linguistic question



implies a semantic capability. Indexing and abstracting as currently

defined are no longer pertinent. (U)

In summary, this analysis of fact correlation is exploratory. The
purpose of the study waz to revicw linguistic and learning problems in the
area of techniques; to review equipment problems in a tentative scheme
for implementing these techniques, The functions of indexing and abstract-
ing were sublimated (but not completely ignored). The study explored rules
and principles for use in computer programs, The ultimate objective of the
study was to develop a research methodology and plan to convert the con-

cepts into an operational system for correlating facts. (U)

D. Organization of Report

This report consists of two volumes. The first contains a general
analysis and description of requirements. The second describes available
and exploratory techniques and equipment; it also anticipates specific

problem areas. (U)

This volume of the report presentc the Applied Research Plan, The
volume includes a discussion of basic conceptis of information retrieval; a
review of system requirements for a Fact Correlaticn System; and a general
plan and schednule for research, development, and implementation leading

to the installation of an operational system for correlating facts, (U)

Volume 2 consists of a detailed analysis of techniques and equipment
that are discussed generally in this volume, The functions of linguistic

transformation and adaptive learning are described, and existing research

—6-



is reviewed in terms of its ability to meet these functicns. Programming
requirements are cursorily reviewed; the major problems in this area can
only be discerned after the nature of the programming tasks have been
stipulated as a result of research in linguistics and learning. The review
of equipment functions and capabilities evolves into a recommended system
configuration., Design principles and exploratory research have also been
reviewed to indicate areas of research activity that could be directed to

the improvement of particular equipment functions. (U)



II. BASIC CONCEPTS

A, Foundations of Information Retrieval

The concept of information retrieval was originally limited to a
single problem; specifically, the documentation problem, As the body
of recorded information became more extensive and diversified, classical
methods of indexing were outmoded. This situation is particularly appar-
ent in the realm of science, where recent discoveries distort the time-
honored but fixed molds for classifying subjects. Searching for informa-
tion related to one of these new fields of knowledge became a burgeoning
problem as the number of fields and the amount of documentation taxed the
1limits of conventional indexing and classification schemes. It is not
accidental that the nature of this problem was first recognized by com-

mercial research laboratories. (U)

One of the paramount problems in the literature search is to
ascertain that all the information pertaining to a subject is found. The
ancillary issue of gathering too much information is a selective function;
as it pertains to manual systems, the problem is essentlally one of dise
crimination. But the problem of retrieval tends to be fixed by the type
of system used to classify information. The information must be within
the domain of the systam; a particular item of information does not
exist so long as it remalns outside the bounds of the system, Once
obtained, however, the information must be uniquely classified as an
entity and as an integral part of all similar information. If the clas-
sification of one item of information differs from the classification of a

similar item, it may be impossible to relate the two, So long as this



condition exists, all information pertaining to a particular subject cannot

be retrieved. The diversity of information compounds this problem. (U)

The original research in information retrieval was thus focused upon
the question of searching for the source of information. The crux of the
problem appeared to be the indexing or classification systems used to
indentify &1l pertinent documents. The salient problem was resolved. The
outstanding contribution of this research was the creation of open systems
of classification or indexing; a set of boundaries established a priori
could no longer restrict the range of references to pertinent information,
Yet a major difficulty persisted: an open classlfication system implies
that all terms are independent, even for other citations of the same term,

except for the exclusive set of terms for a single document., (U)

The value of this recent research is often unnecessarily castigated.
It is easy to denigrate these new techniques, but usuwally for the wrong
reason. Most of the concepts have been formulated since World War II., At
first their application was oriented to manual systems such as card indexes
or sophisticated systems such as Termatrex. But almost simultaneously
there was a concerted effort to automate the process of literature search-
ing. Since conventlonal systems were too inflexible or obviously unwork-
able, the new manual conuepts were transmuted into either mechanical or
electronic schemes of automation. Critics immediately recognized defi-
clencies, But these deficlencies arise from organizational errors, not
conceptual errors. The Uniterm concept is still a pragmatically useful
idea for a manual system; 1in srch a system diserimination is a function

of a human being, If the concept falls short of expectations in an

]



automated system, the fault lies in the application of automation. In
reality, a new concept was necessary when storage and retrieval was
assigned to machines, since discrimination has become a function of the

automatic processes. (U)

The influx of automated processes introduced a secondary dimension
to information retrieval. The conventional concept was satisfied with
an adequate description of information to indicate its location, No
information per se was retrieved--the nature of the function is evident
in the term "literature searching." It was sufficient for an indexing
system to identify the storage place of a document. (The cogent question
of information was irrelevant!) In the design of an automated system,
however, an immediate issue became the storage of indexing data, the
essentlal function of file cards. Mechanlcal systems based upon punched
cards were espeelally concerned with this problem because of the 1limited
amount of storage space on a card. The name of the function correspond-

ingly expanded to information storage and retrieval. (U)

The term information retrieval has now bccome generic, Some of the
most brivial computer processes are referenced as information retrieval
processes., In essence, the name implies that data are stored and retrieved
by a fixed set of computer instructions. The difficulty is to establish
precise limits for a range of different problems, each with an increasing
degree of complexity, described by the label of information retrieval.

The effect of the generalization of the term is to vitiate its meaning;
indiscriminate use dissembles between the original concept applied to

the field of documentation and the generic concept. applied to any automated

11~



procedure for storing and retrieving data. (U)

Even in its broadest sense, however, information retrieval is a
misnomer, An automated retrieval system is generally defined as: A sys-

tem for structuring the information in a collection of documents so as

to facilitate the storage and retrieval of information. The difficulty
with this definition is that no information, at least in any formal sense
of the word, is either stored or retrisved. The focus remains upon clas-
sificabion schemes, and it is classification data that are stored and
retrieved. The actual information stays in the collection of documents
(except in systems such as Minicard), and the retrieved data simply acts

as a polnter to the actual location of the document and its information. (U)

The objective of a Fact Correlation System is to retrieve informa-
tion. This objective requires a more rigorous definition than the current
concepts of information retrieval, which generally limit the problem to
the retrieval of information about a document rather than the information
within a document. In one sense, therefore, the system may be defined
as a technique to store documents and to retrieve documents or specific
information within the documents automatically. In another sense, the
system may be defined as a technique to analyze information within docu-
ments, to isolate unique information and eliminate redundant information,
to correlate the unique information with the existing corpus, and to
structure the information so as to facilitate the retrieval of either
explicit or implicit information in response to a specific request. This
definition still lacks rigor; the concept of information is unclarified.

The important. point is that the information about an event or thing from

=12-



a set of documents is the primary factor to be considered. (u)

The conceptual framework of this study is the second definitiom,

It is concerned with actual storage and retrieval of information. (U)

B. Analysis of Present Concepts

There has been a considerable amount of research expended upon the
problem of informatlon retrieval, particularly as it pertains to documen-
tetion, The amount of literature--speculative, theoretical, and practical--
is extensive., This discussion presents a cursory review of the concepts

of information retrieval, (U)

The problem in information retrieval, whether the subject area is
such routine documentation as personnel files or the special requirements
of intelligence analysis, is a funetion of the large volume of available
information pertaining to any subject field, Since the advent of the
digital computer, it has been hoped that the machine's power to perform
logical and computational service rapidly and unerringly could he har-

nessed to the information retrieval task. (U)

For routine documentaticn searching, the task has always been
essentially clerical. A librarian can be useful in retrieving informa-
tion, given an effective cataloging and indexing scheme, without under-
standing the contents of the documents being searched. Thus, for the
retrieval of documents originally preparcd with an orientation to the
user's requirements, it 1is possible to substitute a computer without
sophisticated, semantic or inferential capabilities to perform many of

the librarian's functions. At this point the question of effectiveness

is not germane. (U)

-13-



Present systems of information retrieval are based upon an indexing
sys*sm in which a document is described by a list of key words or
descriptors. (The term, descriptor, is one of many similar concepts;
it is used in a general sense in this discussion.) The list of descriptors
for & single document is unlique, although a partieular descriptor may he
applicable to many other documents, The document itself is identified
by & unique number that serves to locate the document in its storage
place, There are two ways in which information about documents may be
retrieved~-~by using the look-up prineiple or the search principle. The
name of the principle may vary among systems. There is no third principle;

at best, a sophisticated technique may combine the two basic principles. (U)

In a loock-up system document numbers are listed under descriptor
headings. Information is selected or retrieved by referring to the
record for each descriptor stated in the query and comparing these descrip-
tor records for matching document numbers. A document is selected if it
has been indexed under each of the descriptors in the query. A new docu-
ment is added to the file by plzecing its number on each appropriate
descriptor record. The descriptor records must be stored in known loca-
tions within the file and the document numbers must be arranged in numer-~

ical sequence on the descriptor records. (n)

In a search system, descriptors are listed under document number
headings., Information is retrieved by scanning the entire file (or major
blocks of the file). Descriptors of the query are compared against the
descriptors on each document record scanned. When a document record

matches each of the descriptors in the query, the document is selected.

-1l



A new document is added simply by adding a single docun_at record to the
file, Rscords may be searched in any sequencs, and the files need not
be arranged in numerical sequence. The search technique is more efficient

if descriptors are listed alphabetically on the document record. (U)

FEach of these methods has its advantages and disadvantages, and the
choice of a method depends upon the intended application, For example,
greater retrieval speed may be a determining factor for selecting the
look-up system; however, if the files require frequent updating and

additions, the search system is the better choice. (U)

A simple information retrieval system has three dlstinct stages:
(a) Input--the indexing procedure.

{(b) Storage--the medium used to store the index record and
the methods used to create the record.

(¢) Output-~-the answers to the information retrieval questions.
A1l or any part of these stages may be processed on a computer. The
amount of manual processing involved is inversely proportional to the
efficient and accuracy of the system. The storage and output stages are
handied fairly well by the present information retrieval systems for
simple document retrieval problems insofar as they are completely automated.
The input stage still relies heavily upon manual processes in preparing
data, keypunching, and verifying. These stages and the fundamental prin-
ciples of their application are comparable for manual, mechanical, and

electronic system. (U)

This review is really not so cursory. Despite the number of
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different retrieval systems and the extensive literature describing
them, the differences are in degree rather than in kind. The processes
are essentlally the sams; only the techniques, the application of prin-

ciples, differ. (U)

In essence, there are four factors that govern the design of an
information retrieval system. Although most of these factors have been
discussed generally, briefly stated they are:

(a) Terms.

(b) Structure.

(¢) Interrogation.

(d) Evaluation.
There are a number of designatlions for terms; descriptor is only one.
The difference in terms are minor., Their impact is primarily oriented to
classification schemes, but processing techniques may be complicated by

the requirements ivposed by the definition or the magnitude of the term. (U)

Structure refe»s to the way information is gtored; it 1s charac-
terized by the look-up and search methods. Both are a little more than
ordered lists, Interrogation techniques are based upon Boolean functions,
although these techniques have also been described in set theory and
symbolic logic. The methods of interrogation are equally applicable to
mamial and antomated systems. Manual systems allow many Boolean functions
to be performed at the discretion of the user. But most automated sys-
pems that have been actually implemented are limited in their interroga-

tion tq and functions. (U)
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Evaluation functions are an orphan. Several systems have been
thoroughly tested and evaluated, usually unfavorably. But no known sys-

tem includes self-evaluation procedures. (U)

Information retrieval appears to be characterized by only a few
basic fastors, If this hypothesis is valid, 1t is also mpparent that
none of the factors has been probed extensively. Nor have the inter-
relationships among the factors been fully analyzed and exploited. The
extension of information retrieval in any sense depends upon the devel-

opment of significant new concepts within the framework of these factors. (U)

c. Congeptual Basis of Fact Correlation

Information is conveyed by a variety of methods in human socisties,
But the most significant method is the medium of words, the symbols that
express the thoughts of individual human beings. Facts are a form of
information, They occur in diverse contexts, often becoming significant
only after a series of facts have been correlated., But the essential
feature is that the exchange of information depends upon a set of
processes performed upoﬁ the set of words that convey the information.
These processes are performed by both the sender and the receiver of

information. (U)

Words and facts, which are generally an ordered set of word, are
conveyed through language. A language can be learned; so can the infor-
mation expressed by the language. Thus, there are two rudimentary prob-

iems associated with the correlation of facts--language and learning, (U)

Neither the language analysis nor the learning theory necessary

~17-



for a man-machine system has been sufficlently studied and formalized,
It is, however, possible to conceivs of a man-machine system in which
an automata is organized to analyze language to derive the information
from a 3et of statements and to perform learning functions to correlate
the information. The degree of sophistication attained by the automata

depends upon its interactions with man and its environment. (m

Between the statement of the concept and its formulation, there
is a significant gap. Initial research indicates that it may be feasible.
The remainder of this report discusses the pro?lems implied within the
conceptudl framework and tne degree of research nécessary to achieve the

cbjective of developing a Fact Correlation System. (U)

-18-
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III. SYBTEM ANALYSIS

A. -Obnjectives of System Analysis

The objective of sysfem analysis is to ensure an integrated approach

to the design and development of & sys;tem that will satisfy U. 8. Air
Force requirements for the correleation of facts, such &s those encountered

in intelligence deta; at the same time, such a system must be & highly

effective and efficient operational system. To fulfill this objective

requires the following types of activities:
(a) Determination of user requirements.

(v) Determination of system requirements. (The formulation
of (a) end (b) together constitute the system concept.)

(¢) Determination of system characteristics, capabilities, and
constraints.

(&) Development of & functional description of the system and
the interactions among equipment, computer programs, and

personnel.

(e) A statement of design and development requirements.
(£f) Development of the reletionship between system tasks in

order to monitor the design work to ensure fulfillment
of user requirements within the framework of an effective

operationel system.

(g) Coordination and supervision of the development of hardware

specifications, computer programs, and system utilization

procedures to ensure system operational effectiveness. (U)
System analysis provides the framework for research and development
efforts in the several tasks or functional areas that comprise the system.

Adopting and mainteining the system viewpoint permits the development of

over~all system requirements and their implementation without considering
the details that are necessarily encountered by the individual researcher

in performing his task. Maintaining & system viewpoint of over-ell

-19-
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requirements will ensure & properly integrated set of system functions or

tesks, constituting an effective operational system. (U)

The system analysis task also serves as o means of technical project
control and system management of the research and development effort. One
of the most important aspects of the coordination of the research and
development is the proper long-range planning and phesing of tasks. This
function promotes the development and timely completion of intermediate
products or subsystems that have immediate applicabllity and can be utilized
without awaiting development of other portions of the ultimate system. As
these intermediate products are completed, it may be possible to combine
them without undue extra effort, so that the system can be construed 8s &
sequence of building blocks, each providing significent added capabllity
as it is completed end incorporated in the system. The other method of
improving capability by further developments and refinements within the

building blocks can also be utilized wherever it is fruitful. (U)

The remainder of Part III discusses the activities required to fulfill
the objectives of system analysis and presents a purview of the system as

envisioned et this stage of analysis. (U)

B. Methodology for System Analysis and Design

This section briefly discusses the methodology to be used in fulfill-
ing the objectives of system analysis. A genersl methodology for the sys-
tems analysis task has been outlined in the statement of objectives. A
more detalled picture of the methodology to be used in system planning and

analysis and in project and task control is illustrated in Figure 3-1. The

-20~
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work is divided into six phases of activity. The over-all methodology

R IR

emphasizes system snelysls and design as dis.inct from the methods to bte

used in performing the tasks within each phase. The latter methodology
is & product of the professional skills and background of the individual
personnel whe contribute their knowledge to the analysis, design, and

development of this system. (U)

The development of & satisfactory operationael Fact Correlation
System depends upon the first phase, the development of & suitable system
concept. Unless the system objectives, user requirements, and derived
system requirements are correctly formulated and effectively stated, fur-
ther development of the system will be severely hindered. A workable
system could perhaps be developed, but it would not do the job that the
Alr Force expectas. éoordination with the proper commands or agenciles and
thelr personnel 1s eesentisl, if not vital, for this phase of system

activities. (U)

Once the system concept has been formulated and stated, the means
of implementing it must be sought. This activity involves the analysis
of existing techniques and egquipment and the creation and development of
nevw techniques and equipment concepts. Various continuing studies have
indicated generally that existing equipment for performing the functions
likely to be necessary for a Fact Correlation System is adequate, except
possibly for input-output devices. Conversely, existing techniques for
language analysis end synthesis, adaptive learning, and fact correlation
are inadequate. Consequently, the creation and formulation of new

techniques constitute the primary research problem in developing an

-oo.
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effective Fact Correlation System. (U)

An importent aspect of this research is to recognize and delineate
the numerous, diverse, and complex tasks that will be performed by such a
system. First, the major system tasks or functions are delineated. This
step is followed by finer subdivisions of system functions into subtasks
until some reasonably basic atomic level i1s reached. This functional
anelysis provides & sense of direction to individuasl research efforts and
aids in ensuring consideration of sll features necessary for an operational
Fact Correlation System. System analysis fulfills its integration function
by viewing the tasks as closed entities or "black boxes" and confines
itself to specifying inputs and outputs for each tesk as well as defining
the interrelationships and feedback requirements asmong &ll tasks. If the
task breakdown is effective and input-output and feedback requirements are
met for all tasks in the system, then the operationel performance of the
system is assured by the system anelyst without consideration of the

deteils of design within tasks. (U)

A comparison of current research with the functions and tasks
required by an adequate Fact Correlatlon System, even at & reletively
generel level, reveals & lack of awareness of some of the problems
involved. An awareness of the nature and scope of some problems is either
nonexistent or vague, and the necessary research in these areas has Jjust
begun or has only been outlined in & general way. What is urgently
required to improve this situation ls to redefine the problem of data
correlation and retrieval in terms sufficiently broad to include all the

levels of language analyslis that are necessary and to stress the adaptive

-23-




T TR LNNIECE R W LAPEPM I U VTR NR, (R SR R 1 T B

e v-'v-mm-aamﬂ"ﬂmﬁﬁlmwaé&w

and dynemic aspects of the system. (U)

From the analysis of existing techniques, their further development
and modification, and the creation of new techniques for language analysis
and adeptive fact correlation comes the formulation and definition of the
system characteristics. The system characteristics are functional deserip-
tions that distinguish system capasbilities and limitations and constitute
a system performance specification. The delineation of the system charac-
teristics includes the allocation of tasks among personnel, computer pro-

grams, and equipment. (U)

In the design requirements phase, detailed specifications are
developed for operational equipmént requirements, computer program require-
ments (operational and executive), and humen action requirements. There
are two types of specifications. The first set is performence specifica-
tions, which contain the design requirements (or whet the system must do
in terms of equipment, programs, end humen action requirements) at the
most detailed level. The second set 1s design specifications, whicﬁ
specify thé detailed procedures for meeting the performance specifications
ir terms of equipment design specifications, program design specifications,

and detailed operational procedures. (U)

The final phase in the development of an operational system is to
implement the detailed specifications by developing operastional and
executive computer progrems, a personnel orientation plan, system utiliza-
tion guides (which contain effective methods and procedures for system
operation and system evaluation), and the procurement of neceséary new

equipment. (U)

~oh.
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C. Assumptions, Environmental Constraints, and Limitations

To provide a framework for the continuing research and develcpment

efforts of system designers, a set of environmental and system sssumptlons

must be formulated and stated. (U)

The system assumptions and environmental constraints cannot be

completely specified until & thorough anelysis of the user requirements

has been completed. Assumptions and constraints mey also be modified by

the results of research and development efforts which alter potential

system capebilities. (U)

The followlng assumptions have been formulated as a basis for the

system and task enalyses of this report:

(a)

(v)

(e)

(a)

(e)

High level or complex interpretation of either raw or
correlated date will not be a computer function, but a

human function.

Inputs of the Fact Correlation System will be limited to
English text and numerica) data. Recognition and inter-
pretation of pictorial and graphic date such as aerisl
photographs and maps will not be & system requirement,
except insofar as these deta are inserted in linguistic
or numerical form.

Each instance of entry into the system of input information
concerning a given topic or area will be limited to
approximately 2000 words of English text. There will be

no constraint, however, on the number of sequential,
instances of entry from either one or several documents.

A primary system requirement will be continual man-mechine
interaction for purposes of validation, clarification,
interrogation, file searching, and adapiive learning by
both men and machines.

The essence of this system involves the retention, correla-
tlon, and retrieval of factual data on the basis of
related context end meaning, rather than any documentary
or literary source relationship.

-25.
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(f) The system will not begin operation with & large corpus of
vackground informetion and fixed operating, processing,
search, and correlation technigques. The memory structure,
search, and correlation techniques of the computer will .
be adaptive and the evolving corpus of correlated informa-
tion will be dynamic. That is, the system capabilities
will be developed prineipally through the process of
adaptive learning applied to a growing corpus of facts. (U)

The first assumption reflects the fact that an extensive knowlecdge
of diverse aspects of the human situation in the world is necessary for
the proper evaluation and high-level interpretation of intelligence data.
This condition is particularly cvident when political, economic, and
psychological factors pertaining to & situation arc considered. Vi addl-
tion, a large amount of expert knowledge in specislized flelds is required.
Only the human mind can satisfactorily perform such interpretations at

present. The objective of an automatcd Fact Correlatlon System is primarily

to extend the effectiveness and scope of the efforts of human analysts. It

ig worthwhile to emphasize, however, that the automated system mey be capa-
ble of quite sophisticated correlations as distinet from interpretations.

It is also anticipated that the degree of knowledge or expertness of the
system 1n fields related to the inputs it recelves will constantly increase.
However, the sophistication of its knowledge and associating and relating

structure cannot approach that of humen beings. (U)

The second assumption meens that the system will not be provided with
the capebility to recognize mep structures or other geometrical pattoerns or
configurations. It will, hovever, be able to process and correlsate infor-
mation that is contained in the relationships among symbols. The importance

of photographic interpretation is fully recognized. It is also recognized

-26-
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that & computer may be used to interpret photographs. The assumption was

not made because of a failure to realize either of these facts, but because

this capeblility is considered to be beyond the scope of this report. (u)

The third essumption establishes & tentative limit on the number of
input sentences from a given document on a given general subject that the
system will analyze and incorporate into its internal corpus in a single
computer run. Any number of these entries can be made sequentially with

interruptions for processing. (U)

The fourth assumptlion is an assertion that a dynamic system, which
18 capable of adaptive learning and of answering more or less unrestricted

queries, must rely on interaction with human beings to assure effectlve

performence. (U)

The fifth assumptlon emphesizes that the system will be designed to
correlate and retrieve the related content of statements. It will not be
concerned with the select;on of related documents, titles, or abstracts as
in conventlional systems for the library-type retrileval of indexed informa-
tion. The "information" that is correlated and retrieved must be measured
in pragmatic terms; namely, its value or utility to the user. The infor-
mation conveyed by the system must be defined in terms of the incressed
knowledge and effectiveness geined by the user. The term "informetion"
is not used in the sense of C. E. Shannon;(l) thet 1s, in terms of

statistical rarity of messages. (U)

(l)shannon, C. E., and Weaver, W.,, Mathematical Théory of Commﬁnication.
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The last assumption states that the system will not be given a
voluminous body of initiai information of the type that a humen expert in
some activity might have at his disposal. However, the system will be

influenced in its mode_of development by the particular date thut it

receives as input. (U)

D. User Requirements

The first task in the design and development of & system for the
correlation of factual data 1s a comprehensive analysis of present and
proJected user requirements.(a) User is a generic term meaning, in this
instance, those personnel who ultimately receive and use system outputs.
It does not mean an operator who enters inputs and sctually "runs" the
system. Of course, & system user can also function as a system operator.
Such an analysis is called an operational analysis and results in the
development of operational requirements. As distinet from this type of
analysis, system analysis 18 concerned with the development of system
reéuirements, which are general statements concerning ways to fulfill the

operational requirements. (U)

An effective investigation of user requirements may entail an opera-
tional analysis of the anticipated application (e.g., the process of analy-
sis of intelligence data). The ultimate scope of this operationsl analysis
will be determined by the extent to which the present techniques for

intelligence dates analysis and correlation are applicable or adaptable to

(E)Bee elso: Herner, 8aul, The Relationship of Information-Use Studies
and the Design of Information S8torage and Retrieval 8Systems.
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an automated Fact Correlation System. Although an automated system should
be designed to complement the user, such a system should not be constrained
by the simple adaptation of existing manual procedures, which are possibly

outmoded or inadequate. (U)

.A serious problem of information retrieval faces any potential user
of facts and data that are located in some unknown portion of published
corpus. The inadequacy of the traditionel methods of information retrieval,
based upon the retrieval of documents rather than their factual content, is
well known. For routine documentation searches, the task has always been
essentlally clerical. A human librarian can be useful in the retrieval of
information, glven an effective cataloging and indexing scheme, without
understanding the contents of the documents being searched. Thus, for the
retrieval of documents originally prepared with an orientation to the user's
requirements, it mey be possible to substitute a computer without sophisti-
cated language analysis or inferential'capability to perform many of the

librarian's functions. (U)

The intelligence analyst, on the other hand, cannotrconceivably
perform his function of gleaning unemphasized, poésibly implicit, informa-
tion from documents without completely comprehending their contents. In
order to provide information (&s opposed to documentation) in response to
an intelligence request, & computer system must, therefore, have a high
order of semantic and inferential sophistication. Since the purpose of an

intelligence system is to extend the performance and effectiveness of

individual humen analysts, such & system must be the goal of this project. (U)
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The scope of information retrieval can be considered as a spectrum .
of retrieval problems, as shown in Figure 3-2. If the specific problem
or subject fleld occurs &t the low end of the spectrum (left side), the

present informetion retrieval systems are adequate. Problems of the :

library retrieval type have been successfully handled by data processing
systems, slthough there is still much room for improvement in developlng
more efficient retrieval systems with greater storage capacities. As the
problem area or subject field spproaches the high end of the spectrum
(right side), the inadequacy of the state-of-the-art in information
retrieval and the need for research into new techniques becomes more
spparent. An information retrieval system capable of deriving, correlat-
ing, and retrieving explicit and implicit factuasl relationships is envi-
sioned as the ultimate goal for the Fact Correlation System. The require-
ments of the user are the primary consideration in determining what type
of information retrieval system is needed: the more he recedes from the
high end of the spectrum in establishing his requirements, the lesas

sophisticated the system needed. (U)

One difficulty in an intelligence anaslysis system comprised of human
beings is that of communicetion. Beceuse of the structure of a human
organization and the limitations of human nature, it is quite probable that
an intelligence expert will receive only a limited amount of data, judged
by someone to be appropriate to his field of competence and his specieal
assignment in intelligence work. One of the advantages of an automated
intelligence system is that any human analyst assoclated directly or even

indirectly with the system will have immediate sccess to a&ll inpuis enlered

-30-
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in the system (subject to s.eeurity restraeints). This fact alone will
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fecilitate the human analyst's task'considerably. (v)

Fundamental to the development of such & system 1s the interaction

between man and computer. The operational analysis in this project will

involve an intensive study of the nature, form, and volume of data to be

AR B

handled by the system. Particular attention should be paid to the nature

s

of user requests for information, to the logic of questioning, and to the

humen guidence that can be provided to the computer. A retrieval system

LRI L T S

with relatively few elements in the initial corpus will contribute to the
development of a specilalized data base for the user. A query translator,
which is sufficlently sophisticated to minimize linguistic constraints on
the structure or formut of queries or interrogations, will éimplify the
proceas of interaction. The major tasks in the development of user
requirements are:

(a) To analyze present procedures, concepts, and theories
) related to the analysis and correlation of factual data.

(b) To ascertain and evaluate the applicability, adaptebility,
and status of these procedures and concepts.

(e) To select those concepts and theories, a&s well as practical
golutions, that contribute to the unified development of
~an automated Fact Correlation System.

(&) To establish new procedures specifically adapted to an
automated Fect Correlation System.

(e) To establish guldelines for continuing research into
projected user requirements. (U)

E. Bystem Concept

The ultimate objective of this program is to develop automatic tech-

niques Ior the processing of textual data; the processing tunction includes
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both the storage and the retrieval of information. This oblective requires
the development of a new conceptual taesis for the retrievel of information,
a basis thet circumscribes the limitetions of the current state-of-the-art

in information retrieval. (U)

The basic freme of reference of this study is the function of
intelligence analysis. An expert in intelligence has a goal--to discern
the implications of random sets of information in order to discover their
essential characteristics. Once the informetion hes been correlated, the
analyst derives conclusions about capesbilities, situations, purposes, and

intentions. In performing these functions, the snalyst uses a special

methodology. (U)

S8ince an ancillary purpose cf this program is to facilitate the
development of a generalized system for correleting fects, it should be
adepted to the stringent requirements of analyzing intelligence deta. A
system capable of correlating facts under the conditions that apply to
intelligence data, namely random end sometimes confusing and contradictory
data on diverse subjects from diverse sources, will have the capabilit - of
correlating facts from & more orderly environment. Nevertheless, the
development of & particular system will be affected strongly by the appli-
cation for which it is used. Therefore, criteria for correlations should

be developed by man-machine interactions in terms of the particular input

data and system environment. (8)

A bvasic tenet of this report is thet the "documents" that comprise

o

the corpus of date will be quite numerous. Zacn document will cuuiain a

SECRET

~33-




TR N ARNRAYERS (1 ) OTHAR R T

BRR R s SEL T SR TR T N

I NN

ot

[T

e TR

high density of information about & particular set of events or
elrcumstances. -The information in each document must be correlated with
information that has been collected and stored within the memory or files
of & computer. However, the utility of data has & certain decay rate as

a function of time in storage. The system must provide some measure of
the utility of information as & function of frequency of use. This measure

will be useful in seving computer storage space by eliminating obsclete or

inapplicable data. (U)

These assumptions presuppose that the relevant information is not
known & priori, an implication that the correlation of facts within the
corpus of data is a dynamic operation. ZEstabllishing a link between new
bits of informetion end the corpus will be difficult unless the system
allows & computer to request further informetion whenever a gap in infor-
mation occurs. Therefore, the process should also be capsble of interro-
gating & human anelyst whenever gpecific data 18 required to facllitate

the process of assimilation. (U)

Once information has been stored in the form of baslc symoolic
representations--that is, words--subsequent recognition of similar symbols
is & routine operation. The trestment of phrases is more difficult, but
as soon as definite patterns have been established, some groups of words
could be recognized as definite phrases. The recognition of sentences is
another problem entirely, since the probability is low that even the same

" bits of information are generally expressed 1n exactly the same sentence
form. It is highly likely, therefore, that the recognition of sentences

will defer to the recognition of similar thoughts expressed in different
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ways. These thoughts mst then be equated by storing them in a single

wique form. (U)

The explicit form of any sentence 1s usuelly unique. The relation-
ships implied by an explicit statement depend upo.. the assimilation of an
ever widening set of relationships. The scope of this problem is broad;
its solution depends more upon the applicatlon of techniques of learning
end sutomata theory than upon the femiliar concepts of information
retrieval. It is in the aree of correlating explicit and implicit mean-

ings that the key aspects of the problem lie. (U)

These concepts indicate that an adeptive or self-organizing system
should be developed in order to correlate new information to the corpus of
data. The process of correlstion or assimilation corresponds directly to
& rudimentary ability to learn the information. 1In short, learning 1is the
crux of adaptetion. These requirements do not imply that a self-organizing
syetem must be able to solve problems; +the primary criteria for correlat-
ing facts is the ability to isolate new items of information and to assimi-
late them into the corpus. The corpus mey then be modified on the basls
of significant new information. An orderly process of learning again
suggests that interaction with s human analyst will enable the information

system to assimilate its informetion more readily. (v)

The basic system concept is illustreted in Figure 3-3. Although

detailed equipment and techniques required to implement it will be dis-

cussed later, & general purview of the system concept follows. (U)

The ultimate concern in designing a system 18 the effect upon the
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user, the personnel who submit information to the system or request

information from the corpus. If the user is an analyst familiar with the

development and general contents of the system, then some restraints may

be placed upon this user. However, if the user is generally unfamiliar

with either the contents of the system or with its operatlons, then the

type and number of restraints should be reduced to a minimum. (U)

As a user of the system, the anslyst's task will include selecting
Information to be entered into the system, acting as the agent to inter-
pret questions in the system, and requesting information from the files.
When the analyst acts as the "teacher" of the system, responding to ques-
tlons pertaining to the correlation of facts, then the questions posed to
the analyst should be framed so that the intent of the question is ciear.

These consideratlons indicate the following factors:

(&) Trat the system print out the ambiguous information in
its original form.

(b) That the system ask a particular guestion about the
information.

(c) That the reasons for the questions be listed.

(a) That the possible interpretations on the basis of past
informetion be listed.

With . -is data, the analyst should be able to recognize the problem of
correlation confronting the system and to respond with an acceptable

interpretation. Insofar as possible, the responses from the analyst

should conform to one of the possible Iinterpretations reached by the

gystem. If this response is lmpossible, then a new interpretation must

be clearly stated by the analyst. (U)
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The selection of information is & function of the particular :”
application of the system. Since information is gathered from verious

sources and in varlious forms, 1t may be necessary to transcribe the infor-

nation into & more manageable format. Optimally, the raw information

should require no humen intervention after it has been collected. At

present, processing functions such as editing and keypunching constitute
both & bottleneck and an expense. If these functions can be reduced or
eliminated, the efficiency of the system will be enhanced. The obvious
solution is a reading device that can directly convert textual data into

digital form. (U)

Once the data is entered into the computer, a series of preprocess-
ing functions should validate the input data. This function includes such
basic tests as spelling, typographical omissions, inadequate character
recognition, and punctuation. On & higher level, questions of morphology
and word order should be incorporated. Whenever discrepancies arise and
gelf-correcting programs fail, the system should request correct informa-

tion from an analyst. (U)

Mechianical errors can be resolved by & preprocessing stage. Once
information enters the correlstion stage, which includes & series of
processes performed sequentially, the feedback loop is no longer concerned
wlith mechanical errors. At this time, the learning processes should
interrogate an analyst to eliminate apparent ambiguities that have erisen
during the analytic process. For purposes of later fact retrieval, multi-
ple renderings of ambiguous texts could rapidly lesd to an unacceptably

large number of logical branchings in analyzing the explicit and implicit
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information content of intelligence data. To the extent that automatic

ambiguity reduction is lacking, it 1s necessary to include provisions for

interaction between human anelysts and the computer--in order to gid the
computer in reducing the ambiguity that remains in humanly generated texts

after automatic ambiguity reduction techniques have been applied. (U)

The qualification for the necessity of human intervention in an
"automatic" fact correlation process is not & rejection of the basic
premise thét study directed to such a goal is meaningful. Current research
on techniques of automatic semantic ambiguity reduction represents & sub-
stantial advance over what is possible with purely lexical and syntactic
methods.(3) The human element is included in the basic system concept
because it 1s currently inconceivable that perfect ambigulty resolution
cen be preprogremmed on the basis of & priori understanding of humen

linguistic behavior. (U)

A second type of feedback loop consists of & verification process.
When the corpus i1s small, this process plays an importent role in assess-
ing the correlated data. As the corpus becomes larger, the role of the
verification function will be reduced as the learning process establishes

more correlations between various bits of data. (U)

The processor is, of course, the heart of the system. It is the
vehicle for structuring memory, performing adeptive learning, incorporet-

ing new data, correlating facts, and retrieving date in response to human

(3)This approach is more fully described in Sommers, F. T., Sementic
Structures and the Automatic Clarification of Linguistic Ambiguity.
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interrogations. Usuelly any consideration of computer operations emphasizéé .1
the speed of modern computers. The primary emphesis in this progrem will
be to determine the most efficient computer speed as a function of systenm
requirements. Under normal conditions, it is possible to assume that

information will be received by the system at & steady but slow rate and

that queries will occur randomly in time. If the executive function of )
the computer programs can interrupt normsl information processing to respond
to a request, it appears that the high computer speeds are not an essential ;

prerequisite. (U)

Another factor to be considered in the system is storage capacity.
This consideration is a function of the amount of detailed information that
will be retained in the corpus with the passage of time. System capability
will, of covrse, be affected by the types of storage devices used. The
cepabllity will be determined by « uiade-~c:f be’ween cost and speed as
reflected in access time. A more important factor is the efficient use of
storage. Efficiency can be achieved by the development of structural data
clagsification schemes that include the important factor of frequency of
use of the data. This frequency factor would e modified continually by
the system as & functlon of use over a period of time. A large class of
statements provides significent, useful irformation only when specific
dates, times, and geographical locations are known for events described by
the date. This conditlon is significant in the case of intelligence

information. (U)

The seitence goncrs orma the lanpurge synthesis necessary to

convert information retrieved from storage by the processor to meaningful, »
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factual statements in natural language. This statement formetion funetion

1.

1s the converse of the lenguage analysis function performed hy the pre-
processor. The sentence generator will ensure that output statements are

characterized by the same types of validity as the pre-processor checks in LD

its anelysis. (U)

A finel consideration is output equipment. The essential requirements
ere primarily related to legibility and efficlency. Printer speed is not a
serious problem since most of the system output will be relatively short.
The output device completes the linking of the system to its environment.
The human anelysts perform the function of reviewing, interpreting, and

evaluating system responses, prepsratory to the input of additlional data

or further queries into the system. (U)

F. Equipment Functlons

The Fact Correlation 8ystem will be comprised of human analysts,

computer programs, and equipment. Human beings are the most flexible end

intelligent of these components, while equipment is the least flexible and
intelligent. Conversely, equipment performence is the most relisble and
most "autometic," while humen performance is generally the least relisble

or accurate. One of the mejor assumptions in this approach to the design

of the system is that the "intelligence" of the computer programs, with
human interaction, can be increased substantially. However, equipment

flexibility remains highly restricted. Increamses in its flexibility

beyond & certain point are obtained only at high costs in money, develop-
operability, and relilebility. These factors

meni Line, maintainabllity,

determine, in & general way, the allocation of tasks among equipment, _

~4]1-
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programs, and human beings. (U)

Before discussing the specific equipment functions, it is pertinent
to mention that the genersl flexibility and utility of the system can be
extended by the use of remote input-output sites. For various reasons,
the basic processor, control, and storage equipment require & central
facility. However, remote input-output equipment such &8 request panels
for computer interrogations and smaell display panels for recording system
responses could be located in the offices or work ereas of the human
analysts., This configuration would facilitate immediate man-machine
interactions such as interrogations, higher-level error checking, and
evaluation of sgystem responses. Advances in input-output equipment may

meke such a system configuration more economicel in the next few years. (U)

The system functions that are relegated primerily to equipment are
noted in Figure 3-3. The flrst cquipment component required is an input
device. One of the principal problems in existing date processing systems
is the relatively inefficient speed of input-ouiput devices. This problem
is further aggravated by the input re.uirements for linguistic information.
Present methods for data input result in sericus losses in time and money.
The efficiency of a Fact Correclation System will be enhanced by the incore-
poration of an automatlc reading device that converts printed text into

digital form. (U)

The next major equipment functions are performed by the processor
and the storage. The critical elements of this system in the processing

and storage areas are associated with techniques rather than hardware.

L2
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The processing speeds of existing electronic data processing systems are
quite adequete to handle the wolume of date enticipated. Ultimete storage
requirements will be determined by the scope and megnitude of the data to
e included in the system. Together with the relatively large aize
enticlpated for the computer programs, storage requirements may be large;
but this amount of capacity is not expected to be a mejor problem. The
state~of-the-art of processing and storage equipment is sufficiently in
advance of language anslysis, learning, and programming techniques that a
redical advence in the capability of this equipment will not be critical

at least until bresk-throughs in techniques have been achieved. (U)

The last equipment function in the system is that performed by the
output devices that transform digital dete inputs from the sentence
generator into sentences in natufal languege. This process will not
involve & high-volume or high-speed operastion. Nevertheless, in common
with the input device, advancements in the equipment state-of-the-art mey

be necessary to perform this function adequately. (v)

The equipment in the system is the carrier of data and the means of
implementing the system intelligence in an operstional sense. It is also
the memory of the system. It is clear that the automatic operation and
capability of the hardware internal to the system presents no problem.

The critical equipment functions are those involving men-machine interac-
tions. Considerable effort must be devoted to the study and resolution of

the automatic input of data. Even more important is the assurance of have-

ing suitable equipment available for the rapid input ot human queries and '

interrogations, which must reach the control element of the computer
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quickly in order to elicit relatively prompt responses. The equipment 4
must also have the capability to accept and route isolated end relatively
short additions to its corpus. These additions will rectify or clarify

ambiguities or gaps in system knowledge that prevent further system

operation or growth at any particular time. (U)

G. Program Functions

The system qoncebt in Figure 3-3 shows indirectly the computer
program functions. Those parts of the system labeled with & technique
symbol represent tesks requiring the development of analyticel techniques
that will be converted into computer program functions. The ehfry of
inputs into the system by the human operator is both a persomnel funetion
and e program function. The progream function here is not complicated.

It requires only that the appropriate rules be followed for enteriﬁg data

on punched cards or megnetic taepe. If, as 1s more likely in this system,

an automatic text reader is used as an inpyt device, then there is vir- :
tuelly no program function. The approp?iate rules for entering dats are a

humen function constrained primarily by the capability of the text reader

to recognize certain standard typewritten or printed symbols. (U)

On the other hand, the interrogation of the computer by the humsn
analyst is a major program function. Questions will have to be analyzed
linguistically and understood by the computer so that the appropriate
assoclated classes and items of information can be retrieved and meaning-
ful responses generated. The more versatile these programs are, the fewer

will be the format end form restraints on human queries. If the question

enalysis and retrieval programs lack generality and versatility, then the

=Ll
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restraints on the human interrogator will be greater and will force a more

rigid and restricted form on humen queries. (U)

The validity testing of inputs is & program function. I£ will test
for random mechenical humen errcrs in input preparation as well as machine
reading errors. In addition, it must check for errors in spelling, gram-
mar, sense, and logical conslstency. It must incorporate automatic proce-

dures for communicating the exact nature of the input errors to the humen

environment for corrective purposes. (u)

The pre-processor is primarily concerned with the linguistic analy-
sis of inputs from spelling to grammar to sense significance to loglceal

consistency. These tasks are entirely a program function. In addition,

computer programs must extract, retain, and store the factual content of

the inputs. (V)

The processor is another major program function. It must he capable
of intelligent behavior, in the sense of adaptive learning, storage, and
response. It must be capable of accepting converted symbolic facts from
the pre~processor eand incorporating them intc a general stored fact struc-

ture representing the state of knowledge of the computer. This function

requires a dynamic, adeptive capabiiity to discriminate, associate, relate,

and generalize. (U)

Procedures for searching for and retrieving information from storage
are program functions. This function is vital for the intelligent respons
Pawn nAanmrmait an

to humen queries. The processor togethwr willhi the technigucs for computer

merorization of symbolic data énd relationships, and techniques for the
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appropriate selection, association, and retrieval of data for responding
to specific querles 1s the heart of the computer progrem functions and the

entire system. (U)

Ultimately, learning depends upon the ability to organlze and to
memorize information. An efficlent memory structure improves the recell
and juxtaposition of information in order to verify past experience or
extrapolate new associstions. This fact emphasizes the need for an

adequate memory structure. (U)

Computer programming has placed & mejor emphasis on the orgenization
of data. However, most of this work is.based upon & different set of
requirements from those of fact correlatio.. For example, an alphabetical
list of words can be scenned rapldly to locate a particular word, and
large groups of data can be numbered sc that the data can be indirectly
referenced. But these exsmples indicéte the limits of such structures,
whlch are thelr faellure to allow for interrelations among separate items

in memory. (U)

Criteria for memory structure should be established such that the
selection of one word automatically excludes any unrelated words and
includes all related words. Programmiﬁg technigues alone will not satisfy
these conditions unless an adequate theory is devised for structuring

nemory. (U)

The next computer function is the sentence generator, which consists
of mechunical programmed procedures {ur couverving uachline responses Lo

valid English sentences. This function is an inverse of the pre-processor.

“L46-
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It is a set of synthesis rules (vwhereas the pre-processor is an analysis

function) for constructing of valid English summery sentences. From the
retrieved date for the fesponse, it must construct summery sentences that
contain correctly spelled English words, and that are syntactically valid,

sensible, free of loglcal contradictions, and factually correct according

to the present state of knowledge of the computer. (U)

The review, analysis, and utilization of the output is parti.’ly a

program function. Computer programs must be developed to provid.. the

human analyst with tools to understand and evaluate system responses and
growth, so that its performance can be monitored and evaluated on & con-

tinuel basis. This function requires a certaln set of analysis, diagnos-

tic, end sampling or other evaluative routines to &ssist humen efforis in

system evaluation. (U)

He Personnel Functions

The prima.ry rcle of the humen being in & Fact Correlation System is
to provide an effective link between the system and its environment and to
improve system capability and performance. The principal functions are:

(a) To select and prepare input data.
(b) To ~equest specific information from the computer.
(e) To interpret and respond to computer gueries.

(4) To use and evaluate system outputs. (U)

The selection of input date for the Fact Correlation System is a
complevity of thias task depends upon user requirements

3 d o mla ma
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and the form of date assoclated with a particular system application. It
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has been essumed that additions to the factual corpus will be confined
to 2000 or fewer English words in one entry. At times this limitation mmy

require abstracting and summarizing from lerger documents. This type of

activity must fulfill at least two requirements:

(a) It must not be so slow that it degrades system operations.
(b) Abstracts must not omit any essential facts.
The abstracting could be performed by human analysts or by the pre-processor ;
of the computer. Abstracting on & large scale by humasn beings would proba- l
bly not satisfy either of these requlirements. On the other hand, it is a '
maJor problem for the computer to fulfill the second requirement. Never-
theless, the only feasible scheme for a Fact Correlatlion System is fact
summarization by the computer. Hence, the limitation on the size of entry
should be regarded as & somewhat arbitrary but convenient unit for system
processing. This restriction is partislly dete;'mined by the requirement

for interrupting processing to respond to Interrogetions entered by an

analyst. (U)

The manuel preparation of input dete is undoubtedly a bottleneck in-
the operational capabllity of the system. However, 1f an automatic text
reader 1s part of the system, data can be entered in the form of ordinary
typewritten copy. It is intended that the restrictions on the format of
input sentences be minimal. TlLis objective can only be achieved 1. the
language analysis programs are of sufficient power and versatility to

handle complicated sentences. (U)

personnel ia o interrngate the computer
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and to respond to computer queries. The first of these roles compriscs
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the ultimate rationsle of the system. The second assures validity and

effective system growth and operational cepability. The obJective for the
humen anelysts is the capability to enter unrestricted queries into the
system. This objective does not imply that the system will heve the capae-
bility to answer satisfa;:torily any and all human questions immedliately.
Interrogation and commnication ig a two-way process. The first essential
is that the computer be able to interpret unrestricted interrogations to
some degree. If the computer is unable immedlately to understand the human
request for information, in the sense that it can retrieve the relevant
information and respond with reasonable effectiveness, it will interrogate
the human in order to:

(2) Request that the classes of relevant data be defined with
greater precision.

(v) Improve its data search techniques.

(¢) Obtain criteria for plausibility with respect to inferen-
tial processes.

(a) Inquire about the validity of relationships it has formed.
Another type of computer query occurs when linguistic validity or unresolved

ambiguity is in question. A human being must assist in the resoclution of

such problems. (U)

The last man-machine interaction is concerned with the human utiliza-
tion and evaluation of system outputs. This interrelationship is the final
feedback loop for influencing future inputs in order to improve the com-

miteria gtate of knowledge and otherwise upgrade system performance. The

human analysts will be provided wilh Leclmigucs for refining thedir interro-

gations and for requesting processes that will lead to the operation of

-ho.
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computer programs thet assist in en evaluation of system performance.
These programs will present the results of a computer "self-analysis" that
sumnarize its stete of knowledge and its present mode of operations. Of
course, the human being, by virtue of his superior judgment and knowledge

of "content" and environment, will be the ultimate system evaluator. (U)

The system utilization guldes must contain operational procedures
for system evaluation by the analysts. The development of such procedures
is contingent upon the establishment of complete user requirements and
system requirements that fulfill them to the greatest possible extent.
Only then can expected system performence (quantitative and qualitative)
be established. Once it is known what is expected of the developed opera-
tional system, performence criteria will be provided and messures of sys=-

tem performance will be developed. (U)

I. System Characteristics and Requirements

This section conveys preliminary views concerning anticipated charac-
teristics and requirements for an effective operational Fact Correlation

System. (U)

The correlation of information to extract the essence of meaning in
both explicit and implicit relationships hes twe distinet aspects. The
firat i1s the problem of man-meihiine communication. The second is the
development of at least & rudimentary mechine intelligence. With current
processing techniques, these two aspects of the over-all problem constitute
& dilemma. Man could develop more intelligent machines if he could com-

municate with them better; he could communicate with them better if they
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vwere more intelligent. (V)

Communications are conducted through the medium of languege; the
essence of the communications problems is to extract the significent ltems
of information from & formal languege. Generally, despite the amount of
work thet has been done, the existing work on language enalysis remains
inguffieient to form a basis for computer processing. Thus, this broad
area constitutes one of tﬁe principal taeﬁs in developing techniques for

correlating facts within a body of information. (U)

The problem of machine intelligence is primarily a problem of
adeptive learning. Current techniques in learning related to computer
processing are primarily limited to problem solving. These techniques are
ingufficient for the general problem of fact correlation. Thus, this
general aree 1s the second major task necessary for the resolution of

techniques for correlating information. (U)

Within the framework of man-machine communicetions and adaptive
learning, a number of system cheracteristics have been envisioned. 8ix
of these were given as assumptions and constraints. Other characteristics

and cepabilities are given below. H and M indicate human and machine

tasks, respectively.

(a) Select input intormation. (1)

(b) Format inputs, if necessary. (H or M)

(c¢) Interpret and respond to machine questions. (n)

(&) Interrogate machine by requesting specific (1)
information.

(e) Interpret and eveluate machine responses. (1)

~51-
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(n)

(1)

(k)

(1)

(m)

(n)

(o)

(p)

Convert English text to digital form.

Velidate inputs in terms of spelling,
character recognition, punctuation, syn-
tax, sense, and logical consistency.

When inputs are invalidated, specify nature
of error and request new valld inputs.

Recognize, menipulate, and retain:
2) S8ense relations

(3) Iogical relations
(4) Pactual relations

éli Syntax relations

Orgenize and memorize factual content of
input statements. 8tore in a symbolic
structured form that will permit effec~
tive correlation, retrieval, and summary
statement formation.

Recognlze and associate similar content
and thoughts, as well as similar symbols
(identify relationships at phrase and
sentence level).

Correlate new informetion with the exist-~
'ng corpus (internal to the system) in
& dynamic adeptive manner.

Reduce redundancy from machine-stored
information as corpus grows.

Select or reject content associations
based upon criteria from & model of
probable relevant correlations, depend-
ing upon the intended application of the
system.

logically derive explicit factual relations
from input statements.

Derive implicit relations from input
statements by analytical correlation
methods:

(1) Discover existence of correlations
(formal correlation).

(H and M, or
M only)

(E and M)

(M)

(H and M)

(4)

(M)

(M)

(M)

|
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(2) Discover nature of correlations (M)
(causal correlation). .

(q) Associate end retrieve all correlated date (H and M)
in response to & stated request for
specific information.

(r) Convert correlated data to summary state- (M)
ments in syntactically, sensibly, logi~
cally, and factually correct sentences
of natural language in response to &
request for specific information
{statement formation).

(8) Request additionel information, verifica- (H and M)
tion, or clarification from human enalyst
to &8sist in performing correlations.

(t) Exercise executive control over its actions (M)
to perform related and sequential tasks
efficiently and to respond to interroga-
tions. (U)

J. Evaluation Tests

Evaelustion tests for the Fact Correlation System will be performed
after the system hes been essentially debugged; i.e., after the equipment
has satisfactorily performed acceptance and interconnection tests and the

programs written for the computer are operational. (U)

The evaluation of the system will be based upon its performence with
respect to handling English languege input, éérrelating the information
contained in the input with any information already contained in memory,
and responding to questions by uaihg both the expliecit and implicit infor-
mation in its corpus. In terms of the flow chart in Figure 3-4%, the test
would eveluate the progrems on the left together with the error routine as
applied to these programs. The performance of the remainder of the system

Fond Ltrmd axt 9
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have been established prior to the evaluation of system performance. (U)

The performence of the system will be tested by the results:

(a) The analysis of English sentences to determine the
gemsntic structure of English. )

(b) The synthesis of meaningful sentences in English.
(¢) The logical structuring of information.

(&) The drawing of inferences sbout implicit information
from & given set of explicit informetion.

The analysis of the English produced by the system can be compared with
the anelysis produced by humen beings in applying the semantic theory to
ordinary English. The criterion of validity will be that the sentences

are acceptable, both syntactically and sementically, to & representative

semple of users of the language. (U)

Assume that the computer has received information prior to this test.
A dump of the memory will show what information the computer has already
received and the structure it has attalned., The following sample input
(two paragrephs, deseribing the state of Wisconsin, taken from the Golden

Book Encyclopedia, Number 16) is representative of information that may be

used to evaluate system performance. Once the computer has analyzed and

WISCONSIN

This great lakes state 1s nelther a large nor a crowded
one. Wisconsin is the "Dairyland of America,” but farming
is not the only important work there. Fewer people live on
ferms than in cliles. Wisconsin is a leading manufacturing
state. It is also a much-enjoyed vacetion land. Glaclers
tore down the mountains of 25 million years ago. They left
behind them a land of ridges, low rolling hills, valleys,

and beautiful lekes.
Dairying is & good branch of farming in Wisconsin,
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where summers are not long and hot and much of the land is

rolling or hilly. Most Wlsconsin dairy fermers use many

mechanical helpers to get big milk production. Milk is

gent to city people or to dalry plants to be made into

cheese, butter, and condensed or powdered milk.
stored the information according to the rules contained in the varipus
programs for language transformation, memory structuring, adaptive
learning, and correlation, an interrogator may ask a number of questions
pertaining to these paragraphs. The computer will generate responses to
the questions and may request additional information from the interrogator
if necessary. (0f course, any question outside the frame of reference of
the information received by the system will elicit either no réaponse or

a request for additionel information.) (U)

A set of questions and anticipated replies based upon the sample

paragraphs could be framed as follows:

Question 1: =~
Response 1: -~

"

Wisconsin is the "Dairyland of Amexri

FRv

Question 2: -
Response 2: -

Why is dairying a chief industry of Wisconsin?

Whet means 'chief industry'?

-

Statement 3: - Chief industry same as important work.

Ferming is importeant work. Dairying is a good
branch of farming in Wisconsin, because
summers are not long and hot and much of the
land is rolling or hilly.

Respongse 3: -~

Whet are some dairy products?

Question b: -

e . edude Py |

DAmmansa
AW ) Shdeteindind Te -

e
gheese, buvter, and condenced or powdersd mill

are dairy products.
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In Question 1 the interrogeator asks & straightforward question. The

enswer lllustrates the computer's ability to store and retrieve information

properly. Response 1 is & proper reply. (U)

In Question 2 the interrogator uses the term 'chief industry.!'
Response 2 indicates thet the computer has no knowledge of the meaning of
‘chief industry.! Therefore, the interrogator must define 'chief industry'
in terms the computer understands. In Stetement 3, the human response to
Response 2, 'chief industry' is equated to 'important work.' The computer
is then able to reply in Response 3 after several correlations of data.
First it finds that "...farming is not the only importent work...," which
1t enalyzes to obtain "farming is importent work" since the only restrict's
the negation sense of not. This fact, however, does not answer the ques-
tion that perteins to deirying. Further correlstion and analysis show
"Dairying is & good branch of farming...," which indicates a relation
between dairying and farming. The remalnder of the sentence about dairy-
ing gives a reason for that type of farming in Wisconsin; namely,
"...summers are not long and hot and much of the land is rolling or hilly."
This statement answers the question, "Why?" and the computer is now able

to respond to the originel question. (U)

In order to answer Question 4, the system must correlate deiry

products with things made from milk. The next to last sentence in
Paragraph 2 states that "...dairy farmers...get big milk production.”
Product is the root word of production, hence milk products are ﬁhe
products of dairy faermers. The last sentence lists some of the thix;xgs

produced from milk--hence, some milk products. These things are selected

e wabbt e Vel
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to ansver the question "What are some deiry products?" end the answer is ,

shown in Response 4. (U)

RERRTT T LT T TR e
|

This type of input and questioning would illustrate whether or not

UL R £ L ITLVRLERTY S0

the system is successfully transforming the input, structuring the memory,

correlating the proper items, and genersting meaningful sentences. The

adeptive learning process is carried on &s the computer receives more

information to analyze. A question may provide useful information. For

— example, to test whether the computer haes learned the meaning of chief
industry, the following statement and question could be presented tc the
system:
Statement: - In Floride raising citrus fruilt is important work.
Question: -~ What is a chief industry of Florida?
The computer should be able to respond with the following statement:

Response: -~ Ralsing citrus fruit is a chief industry of Florida. (U) .

The error routine mgy be tested to prove its operational capability
in detecting errors in input dete and reporting them~to an analyst or
interrogator. For example, if the first sample question had read "What
states is the Dairyland of America?" an error should have been indicated.
The question seems to be requesting & plurael answer for states, although
the singular verb is is used with a singuler descriptive name Dairyland of
America. The error routine should ask for a verification as follows:

Response: <« Is more than one state the Dairyland of America?
This test also demonstrates the ability of the program to recognize

violations of syntax. (U)
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Another example could be used to illustrate the abllity of the
program to recognize logical consistency. If the statement, "Wisconsin
is one of the largest and most populated of the 50 states,” were glven to
the computer as new informatlon, the system should recognize & contradic-
tion and indicate it as follows:

Conflict: - Wisconsin is nelther large nor crowded.

- Wisconsin is one of the largest and most populated
of the 50 states.

~ Which stetement is correct?
However, if the computer were given the information that "Trenton is the
capitol of Wisconsin," it would not be akle to recognize whether the state-
ment is true or false. The system would accept the statement as true

unless it contradicted some previously received information. (U)

Many tests will be needed in order to obtain & general measure of
system effectiveness. The design of these tests is an important function
of system analysis. By studying the way in which the computer correlates
certain information, it mey be possible to determine methods of improving
these techniques. If improper correlations are mede or if the language
transformation program is inadequate, these programs wlll have to be
revised. A well conceived test program may noct only evaluate the perform-

ence of the system, but also provide clues for ilmproving processing

operations. (U)

K.  Sumary

Part III presents & concept for developing a Fact Correlation

System. The essence or thls concepi is thaul wu adeyusie Facu Correl
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System can be developed only by maeintaining the system viewpoint
éonsistently. This method entails adequate definitlons of user require-
ments and system objectives. From these definitions system tasks are
defined and the means of implementing them discovered and developed. The
erucial aspects of this procedure are twofold:
(a) Consider any task within the appropriate frame of reference
s it relates to other tasks, the entire system, and the
system objectives.
(b) Consider at all times the three basic elements of the sys-
tem; equipment, computer progrems, end persomnel. This
conglderation emphasizes the parallel development of the

capabilities of each element with constant attention to
improved performance that may be obtalned by taking full

advantage of the comp.cmenting effect of the interaction
among these elements and the unigue capabilities of each.
Most attempts to solve the kind of problems encountered in dgveloping

a Fact Correlation System contrast with thils concept. Existing research
tends to teke some of the elements of such a systeau as given or else to
ignore them entirely. This methodology has resulted in isolated, seemingly
unrelated results and piecemeal solutions that fail to solve satisfactorily
the complex problems involved. This situation can be remedied by conduct-
ing research and development within the scope of a unified, integrated

system approach. (U)
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IV.  RESEARCH PLAN
A, Research Objectives

The research objectives for a Fact Correlatlion System have been
specified implicitly in other parts of this report. They are given
specifically in terms of system capabilities at the end of Part III.
Operational capabilities will be presented in Section C, There is no

research involved directly in the system analysls, the establishment of

syaﬁem utilization procedures or system test and evaluation. Some research

in computer programming may be required., If so, it will probably be in
the area of methods of storing, comparing and relating data, in efficient
indexing and manipulating of indices, and in integrating and selecting
combinaglons of programs to perform various tasks. The major arsas of
resgarch are equipment requirements and linguistic-learning correlation

techniques that will be converted into computer programs, (u)

The objective in equipment research is to develop performance spec-
ifications for equipment that will be effective in processing linguistic
data and will permit the optimal operation of the necessary computer pro-
grams, including responses toc human queries, when operating as a system.
Consequently, interaction between equipment components is stressed as an

area of analysis., (U)

The objectives of research in techniques are: to develop practical
machine learning techniques, data structuring techniques, and linguistie
analysis and synthesis technliques; and to apply these techniques to the
eorrelation and retrieval of internally stored factual information in

order to respond to a wide variety of human interrogations entered into
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the system in natural language. These techniques must be developed to
iie point where they can be converted into computer programs for the

processor of the system. (U)'

B. (General Research Concepts

There are three basic approaches to the design of systems, These
approaches are:
(a) The sequential subsystem design approach.

(b) The initial-ultimate (evolutionary) operational
capability approach.

(¢) The combination of these two approaches. (U)

The first approach is usually adopted for the design of systems
whose requirements and modifications are well known and where the design
methodology for equipment and techniques is well estaeblished. The approach
conaists of the design and construction of subsystems or devices that per-~
form subfunctions on 2 relatively independent or seguential basis, This
method is a tradit.onal engineering design procedure, and it is most effec-
tive for a system that represents a relatively modest advancement in the
state=of-the-art of a well-established technology. For exampls, this
approach is used in designing and manufacturing automobiles, electronic
household appliances, and typewriters. This method can be used only when
the operation of the subsystems is relatively independent, or when their
interrelationships are well defined a priori and modifications to the sys-
tem design will be neither frequent nor extensive. (V)

The second approach is most often used for systems that involve

entirely new operational concepts and where extensive research may be
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requlred to establish functional interrelationships within the system.
This approach consists of establishing an initial operational capability
and an ultimate operational capabllity. The design of the entire system
is then governed by the objectires of the relatively rudimentary require-
ments for initial operational capability. Research into new techniques to
provide more scphisticated system capability takes place concurrently with
the development of the inltial system, VWhen initial operational capability
has been achieved, the entire system is modified and upgraided to a more
sophisticated capability level in accordance with the latest devslopments
in techniques and equipment. This process is then repsated until a per-
formance level consistent with the ultimate system objectives is achieved.
This evolutionary method has been used in the development of some complex

weapons systems and command-control systems. (U)

A third approach to system design and development consists of the

combination of the ssquentlal and evolutionary methods. This approach is
ideal for attaining maximum system capability in the shortest time. This
goal can only be accomplished, however, if system development is effectively
managed ard implemented. The management of this type of research and

development effort is more difficult and complex than either of the first
two methods, (U)

An effective automated Fact Correlation System involves entirely new
data processing concepts and man-machine interactions and will represent
a major advance in the state-of-the-art of information storage, correlation,
and retrieval., Since the development of such a system requires considera-

ble research (as discussed elsewhere in this report), and since system
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functions ard their interactions are not completely known at this time,
the first approach to system design cannot be effectively applied. Even
if it could be, other disadvantages preclude i%s use. For example, one

of the requirements for the Fact Correlation System is to develop or imple-
ment intermediate operational products that perform some system functions
independently of other system functions. The first design aspproach does
result in the development of such intermediate subsystems. However, it
requires approximately 10 to 25 percent additional effort to convert these
subsystems into independent opsrational entity. In addition, insofar as
the subsystems are not independent, when the design of two or more of
them has been completed, considerable effort may be required to modify
their design so that they can function as an integral part of a larger
subsystem, Another difficulty in applying this method to a research con-
tract is that short~term progreés is usually quite difficult to measure

and monitor. {8)

In conbrast to the sequential approach, the evolutionary design
approach produces intermediate products that are complete operational
systems, These intermediate systems will have considerably less capa-
bility than the system produced by the sequential approach. However, the
capability of the ultimate systém developed by the evolutionary approach
will at least equal and probably exceed that of the system developed by
the first method, The evolutionary approach also permits gradual invest-
ment, appropriately phased training of personnel, and the introduction
of new procedures. This method should be adopted as the primary approach

to develop an automated system for correlating factual information. (U)

- SECRET
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In the development of a Fast Correlation System the third method

may be used to the extent that it is .practical and.feasible:. Theseccona

;e ditions are determined by the degree to which the system functions and

tasks can be deballed and thelr dependence or independence established.
Then appropriate analytical techniques may be employed in phasing and
scheduling the system development effort. The research and development
effort will be described by complex relationships-among series and parallel
tasks that complicate attempts to simplify planning procedures. (U)

In performing research and development for a Fact Correlation Sys-
tem, there is no assurance of completing a given task by a certain time;
There is only a likelihood. To ignore this uncertainty is to reduce the
realism of any program plsmnfmg‘.l Since uncertainty is a characteristic
of this type of research, it is desirable to forecast areas of uncertainty
in advance, 1f effective anticipatory action is 4o be planned. An impor~
tant technique that aids in antleipating difficulties and allocating
resources for optimal effort is the so-called "eritical path!" method of

project scheduling, which is discussed in detail in the next secticn, (U)

c. Regearch Schedule

The development of a useful ressarch schedule requires a reasonably
comprehensive knowledge of system functions and tasks and their inter-
relationships. The major elements of the development job for the Fact
Correlation System are shown in Figure L-1. Five major sreas of effort
are shown in the left margin., Each of these areas is subdivided inteo the
tasks shown in the figure. The abscissa represents calendar time from

praject start o sysiem delivery., The lengih of whis LLOGKs indicates in
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general the approximate phasing and relativé time required to complete
each task. The locatlon of the blocks indicates the sequential relation-~
ship among tasks in each area. The tasks in this figure are the major
elements of the development Job for the Fact Correlation System, These
tasks must{ be accomplished regardless of the system design method that is
adopted, Since this figure is only intended to be schematic, the relation-
ships among tasks within the five different areas are not shown, If there
were no such relationships, this figure would be a general outline of the

gsequentiadl approach, A more pracise relationship between system tasks is

illustrated in Figure L-3. (U)

Figure 4-2 is an outline of the second method of approach, It shows
five levels of system capability beginning with an initial operational
capability A and ending with the ultimate capability E., It should be
emphasized that each of the letters A through E represents an operational
Fact Correlation System, An increase in ths capabllity of the elements
of each system is indicated by a change in the Roman numerals, which may
be interpreted as model numbers. The increasing length of the verticsl
bars shows the relative improvement in system capability from one model
to the next. The general capability for the initial and vltimate systems
can be specified now, The capability of intermediate system models, how-
ever, is extremely difficult to specify because such capability depends
upon the research problems encountered in each task and the success and
complexity of the particular techniques developed to solve them. The
projected goals for the initial and ultimate operational capability of

an autcmated Fact Correlation System are given below:
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Initial Operational Capability

(a) Inputs will be restricted to simple English sentences}
that is, sentences consisting of a single clause.

(b) The syntax analyzsr will be capable of phrase and sentence
recognition and analysis,

(c) The sense analyzer will check the validity of input sen-
tencea and construct in computer memory the sense struc-
ture of the simple sentences of the language from the
inputs received,

(d) A dictionary consisting of key, operational, and structure
words of the language will be constructed in computer

memory.

(e) A rudimentary data structuring system, which permits con-
venlent correlation and retrieval of information, will

be developed within the computer,

(£f) The computer will accept human interrogations in the form
of formatted simple questions; that is, questions con-
sisting of a single clause.

(g) The computer will perform primitive adaptive learning
opsrations to correlate structured data.

(h) The computer will generate and print simple sentence
responses to human interrogations. (U

Ultimate Operational Capability

(a) The system will accept unrestricted English sentences as
input.

(v) The system will analyze syntax of input sentences to what-
ever degree necessary to perform any other system functions.

(¢) The system will analyze all input sentences for sense valid-
ity and construct the sense structure of the language from

the input sentences recseived.

(d) The system will check all input sentences for logical
consistency. .

(e) The system will interrogate human analysts with questions
in natural language.

(f) The system will accept unformatted human interrogations,
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(g) The system will organize and memorize the factusl content !
of input statements. The statements will be stored in :
a symbolic structured form that will permit sophisti-
cated correlation and retrieval of summary statement
information. 4

1

(h) The system will correlate new information with the exist-
ing corpus in a dynamic adaptive ménner,

(1) The system will reduce redundancy from machine-stored !
information on the bagis of relative frequency of use ’
with time.

FHIRAY e

e

(3) The system will logically derive explicit factual relations _
from input statements. - ;

IR Rt R IET R T

(k) The system will derive implicit factual relations from :
input statements by analytical and statistical methods.

{1} The system will associate and retrieve all correlated ‘

data in response to a human request for specific
information.

{m) The system will respond to human interrogation by printing
natural language sentences containing summary information.

(n) The system will request additional information, verifica-~
ticn, or clarification from the human analyst to aasist
it in performing correlations. (U)
The method of scheduling these project activities will now be
discussed in some detail. It is important to state at the outset that
the following discussion and analysis is primarily illustrative. The use
of the following techniques for realistiec project scheduling requires a
much more detailed breakdown of relationship among system development tasks,
a detalled study of manpower requirements and allocation, and the introduc-
tion of cost factors as a function of development time. It will also
require frequent updating of time estimates and the scheduling network,

Nevertheless, a few important concluslons can be drawn from the rslatively

crude analysis that follows. (U)
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Although several specific scheduling programs of the type to be

discussed have been developed, the general desoriptive name of critical

path scheduling will be used in this report. The foundation of critical

path scheduling is to establish the flow chart or network of project mile-

stones and check points that must be attalned if the over-all program is

to be completed. A network for a Fact Correlatlon System with ultimate

operational capabllity is shown in Figure L-3. Project activities or

tasks are indicated by arrows, For a given activity (represented by an

arrow emanating from a circle) to begin, the tasks represented by all the

arrows terminating at that circle must have been completed. When the

milestone metwork has been completed, time estimates for accomplishing

tagks are superimposed upon it. (U)

In order to use statistical techniques concerning the likelihood of

completion by a given time, three time estimates are made for each task.

These subjectively determined estimates are: an optimistic time, a

Although the estimates are sub-

pessimistic time, and a most likely time.

jective, they should be made by personnel highly experienced in each task
area, These times are then combined into a single welghted average time

for each activity. Some estimates for the network in Figure L-3 are shown

in Table L-1. These times may be interpreted as absolute or relative times

with certain limitations., The critical path is then defined as the longest

path through the network in terms of the sum of the weighted average times

for each distinct path. Each activity on the critical path is a critical

An activity 1s critical if a slippage in its completion time

activity.
elivwnage in the gvstem delivery date, Slack time for a
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given task is defined as the difference betwsen the latest time it mey be s

completed without affecting the system delivery date, and the time it is

expected to be completed. Expéoted time of completion for a given task is
the sum of the weighted average times of all tasks that must be completed
before the glven task can begin plus the weighted average time required to
complete the given task itself, For non-oritical activities the slack time

can then be determined., (U)

Oritical activitles and non-critical activities with their slack
times are shown in Table 4=-2, By definition, critical activities have
zero slack time. Examination of the critical activities shows that in
the sarly part of the system development effort the formulation ard devel-
opment of adaptive and inductive machine technigues aro critical.
middle period system integration 13 criticai. In the labiar sbages comi- -
puter programming implementation and dheckoub, and system Losi and esvaiuua-
tion are critical., These conditions accord with experience in the devel-~
opment of other man-machine systems. Examination of the non-critical
activities verifies the intuitive judgment that the development of equip~-
ment is not critical for a Fact Correlation System. The early phases of
gystem analysis and the development of system utilization procedures are
not critical either., The fact that the language transformation tasks are
not critical probably reflects the current situation; namely, that more
is known (and more research performed) about the machine analysis of

language than about machine learning and inference. (U)

Implicit in the completion time estimates used as schedule inputs

is a consideration of the use of resources and of the performance
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11.

13,
1.
15.
16.
17.
18,
19.

TABLE L-2., CRITICAL ACTIVITIES AND NON~CRITICAL
ACTIVITIES WITH SLACK TIMES

CRITICAL PATH ACTIVITIES

Formulate Adaptive Correlation Requirements (Phase I)
Develop Inuuction Processor

Integrate System

Code - Checkout Computer Programs

Test and Evaluate System

NON-CRITICAL ACTIVITIES

Develop User Requirements

Establish System Objectives

Develop HAR's and Utilization Guides

Develop Morphemics Analyzer

Develop Syntax Analyzer

Deveinn Srnen f,..7 700 /Phasa T)

Develop Sense Analyzer (Phase II)

Develop Ceonsistuncy Analyzer

Develop Response Generator

Formilate Adaptive Correlation Requirements (Phase II)
Develop Retriewvel Processor

Develop Deduction Processor

Develop Statistical Correlation Processor
Perform Input Equipment Analysis and Design
Perform Output Equipment Analysis and Design
Perform Storage Equipment Analysis and Design
Perform Processing Equipment Analysis and Design
Manufacture and Install Equipment

Develop Advanced Programming Techniques

SLACK
TIME

o O O ©

7/L
n
11/6
11/3

&/6

5/6

8/3
29/6
19/6
13/6

7/3
L3/12
L3/12
11/k

7/l

5/6
71/2k
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characteristics of the system. The questlon then arises: ocan resouroces

be re-allocated or performance modified to shorten the critical path

appreciably? (U)

One of the purposes in adopting the design approach of providing a

gequence of systems for fact correlation is tc upgrade system performance

by modest increases in relatively shorter periods of time. This technigue

will help to reduce the project development time by permitt*rg more realis-

tic assessment and establishment of performance objectives and capability. (U)

Since equipment development is not critical in this project, the
primary ressurces are personnel and computer time. Use of computer time

will be opntimized and probably will not be eritical, Re-allocation of

skills, costs versus time saved, and the probabllity of saving a certain

amount of time by adding a certain number of persommel to a task, Critical
tasks 1 ard 2 in Table L-2 are complex research tasks, For this reason the

variance of completion time estimates 1s large; morsover the type of prod-

uct that will result cannot be anticipated with much reliability. The
allocation of more man-powsr to this type of task usually will not lower
completion time significantly. However, the allocation of more man-powe

for the fourth eritical task, computer programming, may help to reduce

r

completion time significantly. Completion times for critical tasks 3 and

5 are relatively brief. Although additional man-power applied to these

tasks might reduce completlon times by 10 or 20 percent, the reduction in

+ha Jlensth of the critical paths is smaller than the accuracy of the time

estimates, Consequently, such re-allocations do not seem worth considering. (U)

"
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These remarks are summarized in Table L-3, Unless the answer to . 3
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both of the questions in Columns 2 and 3 is, "yes," 1t is not worthwhile

re-allocating man-power in an attempt to reduce total system development

rigy

e

time. At this time, it appears that computer programming 1s the only area
where added man-power may reduce development time significantly. It may
also be feasible to begin the programming effort before the system integrs-

tion is completed. This mode of scheduling would also reduce total system

development time considerably. Another consideration in estimating computer

L RN R L O VA TR T T A P

programming time is the match between equipment capabilities and programmed
capabllity. When functlons to be automated have been reduced to algorithms,
the specific computer operations that are necessary can be built into the
equipment or programmed. If more special purpose functions are built into
the equipme..y, the equipment development time is longer, but the program-
ming time i3 shorter. This match or trade-~off must be decided at the

appropriate time in system development. Then, more relisble time estimates

can be mpde. (U)

It is appropriate to relterate that a more detailed task breakdown
and scheduling network may well indiczate the feasibility of beginning the
computer programming sarlier. It may also reveal other areas where devel-
opment time may be reduced, and it could even result in a somewhat different
critical path, The problem remains, however, that completion times and
rerformance capabilities resulting from complex research task efforts are
difficult to specify. This problem is best handled by the phased devel-
opment of intermediate systems (and capabilities) and the continual updating

of the scheduling network and completion time estimates., Short term
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re-allocation of man-power will be more effective on this basis. (U)

Estimated man-powsr requirements for the Faet Correlation System
are provided in Table L-l. These estimates are based on the development
of the Fact Correlation System to an ultimate operational capability. The
task br;akdown is essentially the same as in Figure L-1. The total number

of years for each task was taken from the most likely completion time

estimate of Table L4-1, In addition, Table L-L shows the number of men and
total man-years for sach task., This information is alsc totaled for each
of the five major task areas and for the entire development effort with
the exception of equipment manmufacture and installation., Man-power esti-
mates for technical management have also beer inciuded. These estimates
are based upon one technical supsrwisor for each of the five task areas

for the duratioc. .. the hask. (IT}

D, Personne]l. Requirements

The types of personnel required for each task area will be discussed
briefly. The persomnel requirements for the System Analysis task area are
more closely related to a systems point of view and a talent for system
analysis rather than any particular academic background. For the sake of
balance, this area will probably include persommel with backgrounds in the
natural sciences, mathematics, and the soclal sciences., Considerable
experience in the analysis of data processing systems is a prerequisite
for personnel in this task area. The Linguistic Transformations task area
will include persommel wlth backgrounds in lingulstics, mathematics, and
logic, The personnel in the Adaptive Learning and Correlation Techniques

T e R Y

area will be psychologisis, maihemabiclauns, &and 10giCians. [oisvined for
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'Ehe Computer Programming area will be of two types. Research progrsmmers

for task 1 and programmers for operational and executive programming under
task 2, Personnel for research in advanced programming techniques must .
have experience and facillty in the general theory of programming ami
programming languages. Requirements for operational programmers are less
stringent. Experisnce and "know<how" in both areas are more important than
& particular academic background except in so far as it 1s computer

oriented, Personnel for equipment analysis, design, and development will

be electronic engineers. (U)
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Ve CONCLUSIONS
This report presents the resulis of a study of current techniques

and equipment and an evaluation of the required areas of research in
techniques, computer programming, and equipment necessary for the devel-
opment of an operational Fact Correlation System capable of correlating
intelllgence information automatically., This volume of the report sur-
veys the system requirements in general and develops a methodology and
plan for an applied research program. The second volume contains a

detalled review of existing techniques and their applicability to the

system requirements, (U)

In a study of this type it i3 inevitable that the definitiveness

and verifiability of the conclusions vary widely. Some are quite ten~

tative; others are firm, verificd by professional knowledge and the

results of related studies. (U)

The conclusions derived from this study ares
1. An extensive continuing system analysis is nscessary for the
development of an automated Fect Correlation System. An adequate def-

inition of user requirements and system objectives is essential. (See

Volume 1, Part IIL.) (1)

2, The gystem must be capable of accepting and analyzing natursl

language input sentences automatically. These processes must recognize

. well-formed constructions and detect and resolve ambiguities at the levels
of morphology, syntax, semantics, and legical and factual consistency,

The system must also be capable of generating sensible, consistent

-85-
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sentences in natural language in response to queries for specific- .

information. (See Volume 2, Part III.) (U)

L it
soreE R EEE

3. Current linguistic transformaiion techniques in the areas

LR UL L LU D (M e ]

of morphology, syntax, and logical consistency are generally adecuate

or nearly adequate. (See Volume 2, Part II.} {U)

AR A AL

L. Current techniques for linguistic analysis and synthesis and

for ambiguity resolution in the areas of semantics and factual consistenoy
are in a primitive state, Extensive research will be required in these

E areas. (See Volume 2, Part III.) (8)

Sn The system must be able to organize and structure input
information after automated linguistic transformation in order to derive

explicit and implicit factusl relationships., (See Volume 2, Part III.) (U)

6. The system must contaln adaptive elements that enable it +o
associate similar content, classify information, and select only the
relevant structural, operational, and functionsl relationships. The
gystem must be capable of improving its performance with time. (See
Volume 2, Part IIL.) (V)

i

7. The system must have the capaclty to perform logical deduc- /

tions and inductions and, possibly, statistical correlations. (See 3
Volume 2, Part IIL.) (U)

8, The system must provide for extensive man-machine interaction,
The system must permit frequent queries from man to machine and form

machine to man. (See Volume 2, Part III.) (U) ,

SECRET .
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9. COurrent research in neuron networks, probabilistic seglf-
organizing systems, and machines like the perceptron is not applicable
to a Fact Correlatlon System becanse:

(a) Such systems begin with no information whatever.

(b) These systems do not have enough rules for self-
organization.

(e) These techniques are not concerned with relating lin-
gulstic data bubt with simulating elementary and
fundamental learning processes,

(See Volume 2, Part III.) (U)

10,. Research in game playing and theorem proving or problem solving
machines 1s nol useful in fact correlation excepl for the houristic con-
cepts involved. Such systems have toc many rules, For specific game
sitvuations all the rules are knowng in many cases, the strategies and
tactics are also known a priori. Consequently, too much human knowledge
and experience is built into the system for a specific situation instead
of a more general rational methodology for forming associations and rela-

tions emong concepts. (See Volume 2, Part III.) (U)

11, The executive control program plays a ceniral role in a Fact

Correlation System because:

(a) The requirement for man-machine exchange of information
during processing.

(b) The exact composition, crganization, and sequencing of
subprograms may be unknown prior to execution.

(c) Several tasks may be executed at the same time,

(See Volume 2, Part IV.) (U)

-87-
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12, The effectiveness fur fact ocorrelation of various programmnasg ;

S i e

languages and systems such as list procsssors and other problem-orientw=d
langnages as well as multiple or parallsl programming techniques should -

. be investigated. (See Volume 2, Part IV,) (V)

13. An input system consisting of keypunched cards entered lnte

the system through a card reader is an unacceptable bottleneck for a

Fact Correlation System with a high. reception rate of raw input data.
(See Volume 2, Part V.) (U):

14, The following equipment configurations provide a reasonabls

balance bolween input entry time and processing time for a large and

complex Fact Correlation System:

(aj #or a hign inpul cuic s One seadiumg machine and at leato
_ 6LK core storage with disc files as auxiliary storgpe.
Processing and storage access times are based upon
the fastest commercial computers presently availlabls, -
(b)

For lower input rates, one reading machine and 32K come
storage with magnetic tapes as auxiliary storage.

(¢) A second cholce for lower input rates is an optical
scammer with 32K core storage and disc files, Total

input entry and procsessing time for this configuraticon
is larger than for configuration (b).

(See Volume 2, Part V.) (U)

15,

At present, text reading machines under development are
hindered by their inability to handle paper at sufficiently high speeiss,
Improvements in the relisbility of thess devieces and in their ability

to read degraded print or handwritten characters can be expected in ime

‘near future. (See Volume 2, Part V.) (U)

-88-
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%;; 16. A parallel random access memory that can retrieve information -
in one memory oyole rogardless of memory size would be a major equipment

breakthrough for a Fact Correlation System, (See Volume 2, Part V.) (U)

17, Microminiature elements, thin films, and “.1e application of
new physical prineiples will provide increased equlpment capaﬁility for

fact correlation at decreased costs., (See Volume 2, Part V.) (U)

18. Other developments in processing and storage equipment will
improve system performance significantly until techniques are developed
to a much greater degree than at present. This development of technlques

18 necessary in order to utilize equipment capabilitiss more fully. (U)

19, The design and developmsnt of tho gystem i3 best accomplished
by an evolutionary approach that results in a sequsnce of operational
systems of inereasing capability until a satisfactory ultimate operational

capability is attained. (See Volume 1, Part IV.) (U)

20, The following tasks will be critical in determining the total

system design and development time:

(a) Form§lation of Adaptive Correlation Requirements (Phase
I.

(b) Development of Induction Processor.

(¢) System Integration.
(d) Coding and Checkout of Computer Programs.

- (e) System Test and Evaluation,

(See Volume 1, Part IV.) (U)
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21, A% present, a reduction in the time reqnired.for-the completion
of critical tasks by re-allocating man-power is foreseen only for the
coding and checkout of computer programs. No appreclable time can dte
saved by increasing the number of perscnnel performing research in

techniques. (See Volume 1, Part IV.) (C)

CONFIDENTIAL
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VI. RECOMMENDATIONS i
Most of these recommendations are implicitly or even explicitly

stated in the conolusions listed in Part V. The following recommenda-

R St

tions provide somewhat more specific information concerning the suggested
over-gll approvel and specific activities derived from the conclusions, (U)

1. System Planning and Analysis
Adopt an evelutionary apprbach to the design and development of a

Fact Correlation System and maintain an extensive contimuing system anal-
ysis activity. This method will result in a ssquence of operational sys-
tems of increasing capebility until an adequate operational capability is
achieved, In conjunction with this approach, maintain a critical path
schedule to ensure optimal allocation of resources and concentration on

the oritical tasks for each operational sysiem. {U)}

2. linguistic Transformations

Develop techniques that will automatically analyze and synthesize
input sentencés, recognize well-formed constructions, and resolve ambi-
guities. These operational processes should include the levels of
morphology, syntax, semantics, and loglecal and factual consistency. Use
existing techniques or modifications of them to the maxdmum possible
extent in the areas of morphology, syntax, and logicgl consistency., Ini-

tiate extensive research to develop new methods for performing semantic

anulyoie @i Synihicis, 2stehliching fagtnal ennsiatency or inconsistency.

and resolving fectual ambiguities. (U)

-91-

[3-8-4618

. f;m%mm




RSN A R IR

Ve G SN R

3. Adaptive Learning and Correlation Techniques

Initiate extensive research to develop appropriate deductive and

inductive techniques for the automated processing of linguistically
transformed input sentences in order to correlate their content. The

investigation should include at least the following methods and means

of implementationt

. (a)
(o)
(c)
(d)
(e)
(£)
(g)

(h)

e e ) e e ) e ot i e et o e .

Clasgsification and association of data,
Relzvance of relationships,.

Reinforcement of learning.

Data organization and structuring.

Methods of retrieval,

Logic and strategy of man-machine questioning.

Utilization of existing heuristic techniques of machine
learning and adaptation.

Development of new and modified heuristic techniques. (U)

L.  Computer Programming

Initiate research to determine the applicability and utility of

existing programming languages and the development of requirements for a

problem~oriented language for fact correlation. Initiate research in

advanced programming techniques such as the dynamic allocation of storage, ;

multiprogramming, parallel programming, and self-organization among pro- :

gramming units or subprograms. Initiate work to determine the specific !

requircmonis for 2 Fact Oorralation System executive control program. (U)

ISqualGinchive

Equipment

Begin an analysis of equipment requirements for a Fact Correlation
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System with emphasis on an appropriate matching of input equipment with

processing and storage components based upon estimated user requirements,

ey S

*
H

Planning for an initial operational capability system should be in terms
of equipment that is currently available or in the late stages of devel.
opment. This configuration would include microsecond access core storage
and an automatic text reading machine., Whether auxiliary storage will
consiat of dise files or magnetic tapes should be determined from further
study of user requirements and the analysis of equipment configurations,
Research in component requirements per se shovld emphasize man-machine
communication during processing, The formulation of advance researah
requirements depends upon the specific functions needed to perform the
language transformation and adaptive learning tasks. The sole exceptiopn
is the recommendation to develop a parallel random access memory that cap

rotrieve information in a single memory cycle. (v)
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UNCLASSIFIED
DEPARTMENT OF THE AIR FORCE
AIR FORCE RESEARCH LABORATORY (AFMC)

28 AUG 06

MEMORANDUM FOR: HAF/ICIOD
1000 Air Force Pentagon
Washington DC 20330-1000

FROM: AFRL/IF
26 Electronic Parkway
Rome NY 13441-4514

SUBJECT: Mandatory Declassification Review (MDR) Request, Case 05-MDR-053
(Your Memo, dtd 27 Sep 2005, Same Subject)

1. Per your request, [ have reviewed and completed the Mandatory Declassification Review
(MDR) of the documents titled Fact Correlation for Intelligence Analysis, Volume 1, Applied
Research Plan and Fact Correlation for Intelligence Analysis, Volume 2. Analysis of Technical
Problems, each dated 15 Dec 62, RADC-TDR-62-461, Vol. I and RADC-TDR-62-461, Vol. II
respectively. Both documents were written by Federal Electronic Corporation of Paramus NJ.

2. Based on my review I concluded the following:

a. A classification change occurred on 31Dec1974 as both documents were downgraded
from Secret to Confidential.

b. Major portions of the documents’ text are obsolete and describe hardware, systems, and
technologies which are over 43 years old.

c. After reviewing the subject documents it was determined that no parts in either document
should remain CLASSIFIED. The disclosure of the contents of either document is not expected
to cause damage to US national security and there were no reasons why the UNCLASSIFIED

portions should not be released.

3. This review was performed in accordance with Executive Order 12958, as amended and both
documents were DECLASSIFIED: August 25, 2006. Please contact me immediately if you need

further information related to this matter.

DONALD W. HANSON, SES
Director, Information Directorate

2 Atch
1. AD 354604, Vol I (U)
2. AD 354615, Vol II (U)

UNCLASSIFIED
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DEPARTMENT OF THE AIR FORCE
AIR FORCE RESEARCH LABORATORY (AFMC)

04 January 2007

MEMORANDUM FOR DTIC-OCQ
ATTN: Larry Downing
Ft. Belvoir, VA 22060-6218

FROM: AFRL/IFOIP :
SUBJECT: Distribution Statement Change

1. The following documents (previously unclassified/limited) have been reviewed
and have been approved for Public Release; Distribution Unlimited:

AD354604, “Fact Correlation for Intelligence Analysis, Volume 1, Applied Research Plan”,
RADC-TDR-62-461, Volume 1.

AD354615, “Fact Correlation for Intelligence Analysis, Volume 2, Analysis of Technical
Problems”, RADC-TDR-62-461, Volume 2.

2. Please contact the undersigned should you have any questions regarding this
change notification. Thank you for your time and attention to this matter.

A
STINFOW(fice
Information Directorate



